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1.0 SUMMARY AND CONCLUSIONS

Present bearing theories enable computerized optimization of
high performance rolling element bearing designs, and theoret—
ical predictions of bearing performance to be made. There is,
however, a need to verify these solutions by advanced test

methods.

The difficult task of measuring the dynamic behavior of rolling
elements, especially in a ball bearing, has been solved by a
photographic method. The Separator Study Machine which was
used for this investigation produces high-speed movies of

the rolling element under investigation at programmed speed

and load conditions.

The research which is reported herein had the objective to
measure separator speed, orientation of the ball spin axis,
and ball rotational speed in a ball bearing operating at high

Speeds.

The tested ball bearings were of split inner ring design, 110 mm
bore size, and had nominal contact angles of 26° and 34°. These
bearings were prepared for optical measurements by providing

an open pocket separator and a test ball which was marked with

shallow but indelible markings.

High-speed motion pictures were obtained of these bearings
at inner ring speeds of 4,000, 8,000 and 12,000 rpm and at
thrust loads of 4,448 N and 22,240 N [1,000 and 5,000 1bs].
The high-speed movies represented true and accurate records
of the dynamic behavior of the bearings at the above test

conditions.

The high-speed films were subsequently examined to determine
instantaneous ball positions and this data reduced to obtain

separator speed, ball speed, and ball spin axis angle orienta-
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tion in two planes. The orientation of this spin axis was

expressed in pitch and yaw angles.

The experimental results show logical trends. They should
now be compared to calculated results obtained from computer
runs for the same operating conditions for an evaluation of
how well the measured data correlates with theoretical predic-

tions of ball dynamics.

While the high speed films represent true and accurate records

of the ball motion, it was found that there are some inaccuracies
in the process used to reduce the photographed data to obtain

the numerical values expressing ball motion. These inaccuracies
suggest that several refinements should be considered to improve
the data in future investigations. Such refinements are
possible and practical in the filming technique itself, and also
in the film measuring technique, as well as in the computer-

ized data reduction procedure.

The program yvielded useful information on ball dynamics.
However, further refinements of the employed techniques

are possible and would ungquestionably result in improved
data.

PRFD
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2.0 INTRODUCTICN

Computerization of high-speed bearing theory enables the
optimization of rolling element bearing designs and the
theoretical prediction of bearing performance. These com-
puterized results and the theories on which they are based,
while extremely helpful to the design and research engineer,
have yet to be fully verified by actual bearing tests.
Bearing performance tests and computer studies will always
be needed to refine bearing designs for many critical appli-

cations.

The interaction in a bearing between the rolling elements,
raceways and separators is particularly difficult to measure
due to the random nature of their motion and forces. The
kinematic behavior and the resulting forces acting on a
rolling element/separator/raceway assembly could previously
be measured only in tests where the operating conditions

were drastically simplified.

To solve this measurement problem, ITI has developed the
Separator Study Machine. This machine was designed and

built as a research tool and is capable of measuring, by
photographic methods, the motions of rolling elements within

a bearing. The machine thus makes it possible also to study
the interaction between these rolling elements and the bearing
separator and raceways under a variety of load and speed condi-

tions.

The technique employed relies on a derotation prism to eliminate
optically the gross rotation of the test bearing separator.
Measurements can be performed on test bearings of 100 to 110 mm
bore size, operating at speeds up to 15,000 rpm and under any
practical combination of thrust and radial loads up to 66,720 N
and 13,350 N [15,000 1lbs and 3,000 1bs] respectively.

EZ -3-
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An initial investigation (l} of the rolling element and separa-
tor dynamics in a 100 mm cylindrical roller bearing proved that
the machine is capable of performing these tasks, and that this
data collecting method is viable. Subsequent efforts were
directed toward developing measuring techniques on ball bearings.
The difficult problem of photographing a ball in a ball bearing
and measuring its position from the film frame was solved (2}.

A computerized data reduction techhique was then developed (3)
and checked out (4) to calculate ball velocities and spin axis
direction from the measurements taken of high-speed motion

pictures.

In the program reported herein, measurements were made on

test ball bearings of 110 mm bore size with mounted, nominal
contact angles of 26° and 34°, operating at speeds of 4,000,
8,000 and 12,000 rpm. It was the objective of these tests to
gain information on separator speeds and on ball motion, such
as orientation of spin axis and rotational speed about this
axis as a function of the ball position relative to the bearing

outer race.

Numbers in brackets () designate references at end of report.
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3.0 TEST FACILITY

The tests were conducted on the Separator Study Machine.
This test machine is capable of taking high-speed photo-
graphs of a selected target in a test bearing which is
operated at programmed speed and load conditions. The
target can be a rolling element and/or a portion of the

bearing separator.

Figure 1 shows a view of the Separator Study Machine:

- A welded frame structure supports the test spindle
with its drive mechanism, a load system to apply
static loads to the test bearing, and an electro-
optical scanning unit, as well as the main control

panel.

- The bulk of the electronic hardware and the capacitors
for the strobe lights are mounted in free standing

relay racks.

3.1 Main Spindle Assembly

Figure 2 illustrates the main spindle assembly which was used
in this program. The test bearing is cantilevered from the
main spindle, which in turn is supported by preloaded turbo-

engine main shaft ball bearings.

The test bearing housing is supported by the test bearing
and a large thin section bearing. Radial and thrust loads
are applied to the test bearing through load cables which
are attached to the periphery of the test bearing housing.
The test bearing itself is exposed in the front to allow
clear entrance of the optical path and illumination. The
bearing is lubricated through a series of orifices from the

inside of the test bearing housing.

-5—
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3.2 The Scanner and Lighting Systems

The bearing scanner is used to observe and photograph an

individual separator pocket of the test bearing.

Due to the high tangential velocities when a bearing rotates

at shaft speeds up to 15,000 rpm,conventional photographic
techniques are inadequate. The difficulty lies in obtaining
pictures having sufficient resolution for analysis when very
short exposures are required to freeze the motion of the

bearing elements. This problems has been overcome by eliminating
the gross rotational motion using a derotation prism. The
derotated image thus presents the differential motion bhetween

the separator and the remaining bearing components.

The synchronization of the prism with the test bearing separator
is accomplished by a servo-drive which receives its command
signals from a UV-light illuminated target on the bearing

separator.

An array of strobe lamps and UV lamps are supported by a

lamp housing (figure 3) which fits tightly against the shroud
in front of the test bearing. The shroud collects the lub-
ricating o0il, and with the assistance of an air blanket,
keeps the oil from splashing against the glass window which

separates the shroud cavity and the lamps.

To photograph a ball in a ball bearing, the front strobe
lights are augmented by a light which provides a luminous
background. Thus, the contour of the test ball becomes
visible as a silhouette, and the ball center can be deter-

mined when the movie frames are analyzed.

Two cameras are tuned to the lens system of the scanner:
- a 35 mm, pulse-operated camera takes pictures at
the rate of up to 16 frames per second. It is used

mostly to investigate forces and relative motion

—-o— ::2
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within a test bearing.

- a 16 mm Fastax camera capable of up to 8,000 frames

per seccond is used for motion studies or other invest-—

igations where continued motion recording is of prime

importance.

Figure 4 shows the optical paths through the bearing scanner.

Specification of Optical Bearing Scanner

The optical bearing scanner performs to the following

specifications:

- separator speed range for

picture taking

- speed variation of sepa-
rator

- field of view

. = optical resolution
- strobe duration

- maximum strobe rate

z@ INDUSTRIAL TECTONICS, INC., RESEARCH AND DEVELCOPMENT DIVISION

200-7000 rpm

+ .
- 5% of nominal rpm/

revolution

28.6 mm x 25.4 mm [1-1/8" x
1"] rectangular segment of
bearing having an 0/D of
177.8 mm [7"] and an I/D of
101.6 mm [4"]

25 lines/mm at the object
~1H second

max. 16 strobes/second for
pulse camera

max. 8,000 strobes/second

for Fastax operation, up
to 200 frames per run.
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4.0 LUBRICANT

The test bearing was lubricated with a type II oil which is
gualified to MIL-L-23699. The viscosity of this oil is 10.8
centistokes at 339°K [150°F] and 5.7 centistokes at 367°K [200°F].

5.0 TEST BEARING PREPARATION

The tested ball bearings were ABEC 7 grade, split inner ring
design, of 110 mm bore size. The reported test program was

performed with bearing ITI 13453 which has a nominal contact
angle of 26° and with ITI 13454 which has a nominal contact

angle of 34°. The detailed dimensional data on both test

bearings are given in paragraph 5.1 and in figure 5.

5.1 Dimensional Data of Test Bearings

Bearing P/N ITI 13453 ITI 13454
used in tests series IA IB
Contact Angle (static) 26.1° 33.7°
Bearing Clearance, cm [inches]

- radial .0130(.0051] .0239[.0094]

- axial .056 [.022] .079 [.031]
Race Radii, cm [inches]

- inner .980 [.386] .986 [.388]

- outer .988 [.389] .991 {[.390]
Surface Finish - Inner Race, gm[ #in]

- circumferential .10-.15 [4-6] .05~-.10 [2-4]

- transversal .15-.20 [6-8] .13-.20 [5-8]
Surface Finish - Outer Race, g m[ 4 in]

- circumferential .05-.10 [2-4] .08=-.10 [3-4]

- transversal .13~-.18 [5-7] .13-.18 [5-7]
Ball Size, cm [inches] 1.9048 [.749910] 1.9048 [.749910]
Number of Balls 20 20
Separator Clearance, cm [inches]

- pocket .046 [.018] .046 [.018]

- inner land .053 [.021} .056 [.022]
Separator Balance Level gm-cm 3 3

-f3- ’
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5.2 Open Pocket Separator

To investigate ball kinematics it is necessary to expose the

test ball to the view of the camera without interfering with

its typical performance. A special separator was provided

for this purpose (figure 6). The internal geometry of the open
pocket duplicated the standard pockets. Care was taken to ensure
that the mass and strength of this separator were not significantly
different from a standard separator. The separator was balanced

to 3 gr-cm. Special attention was given to the shape of the

light reflecting surfaces to either side of the open ball pocket.
These reflectors serve to illuminate the test ball, increasing

the wvisible test ball surface in a movie picture.

5.3 Test Balls

The ball marking had to provide a recognizable and indelible
address to selected points on the test ball surface without

interfering with the ball motion or strength.

The test ball was marked with electro-chemically etched symbols
which were about 2.5 micro-meters [100 #-in] deep. The symbols
used were both visible and measureable. Figure 7 shows the
principle of electro-chemical etching and a surface trace over

an etched symbol. An electrical current transports particles
from the ball surface to the electrode. In the electrolyte these
iron particles are oxidized and transported back tc the ball,
resulting in a black line which does not significantly mar the

ball surface.

Test balls with typical selections of marking symbols are shown
in figure 8. The ccrners and intersections on these symbols are
measuring points and have known addresses on the ball surface.
The symbols are recognized and their positions measured on the

test movie frames (figure 9).

- Q-
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6.0

TEST PLAN,

PROCEDURES AND TEST CONDITIONS

The reported project consisted of two major tasks. In task I

the test hardware was prepared,

the optical angle of the camera

system was calibrated, and the bearing tests were performed.

In task II the films were measured and the ball motion computed.

6.1

Task I - Bearing Tests

Bearing performance was investigated for ten operating conditions:

Test bearing ITI 13453 (26°)

Run
No.

IA-1
IA-2
IA-3
IA-4
IA-5
IA-6

Spindle Speed Thrust Load

RFM N [1lbs]
4,000 4,448{1,000]
4,000 22,240[5,000}
8,000 4,448(1,000]
8,000 22,240([5,000]
12,000 4,448[1,000]
12,000 22,240[5,000]

Test Bearing ITI 13454 (34°)

Run Spindle Speed Thrust Load

No. RPM N [lbs]

IB-1 4,000 4,448[1,000]
iB-2 4,000 22,2401[5,000]
IB-3 12,000 4,448[1,000]
IB-4 12,000 22,240[5,000]

The following values were held consistant in all runs:

Radial load -

Lubricant o0il flow -

0il inlet temperature -

Bearing outer ring
temperature -

None applied

3.15 x 107° m3/sec [.5 gpm]
{introduced through multiple jets}

339°k ¥ 5.6° [150°F = 10°]

367°K + 5.6° [200°F T 10°]

In all of the scheduled tests, high speed movies were taken. Some

of the runs had to be filmed several times to obtain the high

guality images which are needed for reliable data reduction. A

movie was considered of acceptable quality if (1) over its entire

duration a sufficient number of measuring points can be seen and

_10_
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identified, and (2) when the tracking of the optics was such
that the test ball was centered in all photographs so that the
maximum possible portion of the ball silhouette was visible.

6.2 Task II - Data Reduction

6.2.1 Data Collection

Fach high-speed movie produced an exact record of the

ball motion within the bearing. Two sets of measurements
were required to determine this ball motion: mapping of
the target points on the test ball, and measuring of these

peints on the individual frames of the test movies.

6.2.2 Mapping of the Test Ball

To map the address of each measuring point, an x,y,2z
coordinate system was assigned to the ball, and the pierce
points of these axes with the ball surface were marked.
The ball was then fastened to an indexing spindle which
was part of a table with micrometer adjustments in the y
and z directions. The ball axes were aligned with the
axes of the table and the spindle. The individual target
points on the ball periphery could now be aligned with an
optical eye piece, and their location relative to the ball
coordinate system could be recorded. The ball map was
established by measuring each target point in two axes and
then calculating the third coordinate. Figure 10 illustrates
the fixture used for these measurements, and appendix 3
lists the ball maps.

6.2.3 Film Measurements

The position of the test ball within the bearing is defined
by the ball center relative to the inner and outer races
and the position of two known points on the ball periphery.
In a test movie frame (figure 9) the projected ball center

‘Qz -11-
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is found readily with the aid of a template which is lined
up against the ball image. The inner and outer ring clamps
and the ball contour assist in this step. The ball center
and the coinciding template center represent the 0 point
of an x', z' coordinate system in the photographic plane
(figﬁre 11). The film plane coordinates X' and z' of the

selected points on the ball periphery can now be measured.

The large number of points which were marked on the test
ball, and the light reflecting separator made it possible

to recognize and measure 3 or 4 points in most film frames
of the test movies. Since only 2 points on the ball periph-
ery are needed to establish ball position, the additiocnal
points can be used to assure the correctness of the measure-
ments. For instance, with three known surface points it

is possible to calculate three ball positions, 4 points
yield six possible ball positions. If one of the measured
points is in error, a remarkable difference shows up in

the computed results. This point could thus be eliminated
and the ball position determined by averaging the remaining

points.

6.2.4 Mathematical Data Reduction

The film measurements yield a record of the instantaneous
ball position within the test bearing at the time of exposure.
The kinematics of this rolling element can now be computed

on the basis of a measured time interval between film frames.

The data reduction computer program which is based on (3)

and the model shown in figure 11, solves for orbital ball

speed (separator speed), orientation of ball spin axis (pitch
and yaw), and rotational ball speed about this axis as function

of ball center position relative to the bearing outer race.

-] 2=
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The first step in this program determines the ball position
in a film frame, based on the location of measured points on
the target ball. The optics and location of the camera
influence the measurements, and the locations of the target
points must be translated into a suitable coordinate system.
Figure 11A shows the relationship of the camera and bearing
and the coordinate system used. The origin is the test ball
center, with x tangent and z perpendicular to the pitch circle
and y parallel to the bearing axis. The camera focal point
is on the bearing axis and is, therefore, offset from y (in
the y=-z plane) by the bearing pitch radius. Program step 1
determines the X,y and z coordinates for a point on the ball,

corrected for the offset condition.

Figure 11B shows the projection of a point on the ball onto
the film plane, expressed in the x,y,z system. The overall
magnification of x and z on the film is determined by photo-
graphing a reference distance and measuring it on the film.
The ratio of the reference to measured distance is the photo-

graphic magnification.

To determine ball rotation, the location of two points must

be found for two successive film frames. However, a pair of
points visible on cne frame is generally not visible on the

next. The second step is, therefore, to calculate the locations
of a pair of points based on the observation of two other points.
This is accomplished with a vector scheme, based on the ball

map generated from the measurements outlined in paragraph 6.2.2.

In step 3 the ball spin axis orientation, the angle of rotation
and orbital speed is computed from the established ball positions

in two successive film frames.

A\ ~13-
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7.0 RESULTS AND DISCUSSION

7.1 Interpretation of Test Results

As outlined in the previous paragraph, ten photographic runs were
conducted at spindle speeds of 4,000, 8,000 and 12,000 rpm, each
under a thrust load of 4,448, and 22,240 N [1,000 and 5,000 lbs].
Six runs used the 26° contact angle bearing and four runs used the

34° contact angle bearing.

A computer print out of the ball motion (figures 12 thru 21) shows
separator speed, ball speed, and ball orientation or spin axis
angle in two planes. The pitch angle lies in a plane defined by
the bearing axis and the ball center, the yaw angle defines the
deviation of the ball spin axis from this plane. The sign for
yaw angle indicates the direction of the spin axis deviation from
the y-z plane (figure 11) and has the same sign (positive or neg-

ative) as the x-value for the target ball pole.

The examination of the plotted results indicate fairly large
momentary excursions from the expected (relatively smocoth) motion

of the rolling element. These deviations are presently thought

to have their origin in measuring errors which are further discussed
in paragraph 7.2. After technique improvements are made, it is
expected that the ball motion measurements will yield precise
information on ball dynamics at a given location within the bearing

as a function of the imposed operating conditions.

An average value representing each one of the operating conditions
was plotted in figures 22 thru 24. These graphs show the results
from figures 12 thru 21 after further modifying them to reflect
the values achieved by straight line averaging of the curves,
ignoring the large magnitude instantaneous excursions (blips on

curves).

Ball rotational and separator speed versus inner ring speed are

illustrated in figures 22 and 23. The plots show a logical trend

-14- sz
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of increasing ball speed with increasing inner ring speed for both,
the 26° and the 34° contact angle bearings. The difference between
4,448 N and 22,240 N [1,000 and 5,000 lbs] thrust load appears to
be almost negligible with the 26° bearing. The difference is

more noticeable, especially at higher spindle speeds, with the 34°

bearing.

The separator speed measurements plotted in figure 23 alsc show a

logical trend of increasing speed with increasing shaft speed.

Ball spin axis orientation, expressed in pitch and yaw angles, is
shown in figure 24. The trend in measured pitch and yaw angles

of the 26° and 34° contact angle bearings appear to be logical.

The absence of the 8,000 rpm data point for the 34° bearing makes
the comparison somewhat more difficult (dashed lines indicate curves

given by two data points only).

At high thrust load and low speed the pitch angle approached the
static contact angle; with increasing speed the pitch angle de-

creased due to centrifugal effects.

At light loads, even at low speed, the centrifugal effects seem
to cause immediate reduction in pitch angle. A low pitch angle

is maintained throughout the speed range.

At low inner ring speeds the measured yaw angles were very small,
indicating a small amount of ball spin while at 12,000 rpm this
spinning action appears to increase. The difference in direction

of the yaw angle at 12,000 rpm between the two contact angle bearings

is not understood at this time.

These actual four measured parameters should now be compared to
computed results that are based on thecretical bearing performance
at conditions IA and IB to see how well the measured data correlates

with theoretical predictions of ball dynamics.

If the data correlates reasonably well we can assume that the

Y -15-
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computer program and the theory on which it is based, as well

as the presented experimental data, are reasonably correct.

Should a wide disparity exist between the data of this report and
that which a computer program predicts for theoretical bearing
performance, (particularly if the disparity is in the character

of the trends) then there are two possible conclusions: {1) Either
the theory on which the computer program is based does not accurately
reflect the true dynamics of the bearing, or (2) the data that was
produced in this program is inaccurate and does not represent the

true conditions of the bearing dynamics.

7.2 Accuracy of Experimental Data

High speed films, which are the output of the Separator Study
Machine, represent true and accurate records of the dynamic
behavior of the photographed object. We know, however, that there
are two know inaccuracies in the process used to reduce photo-
graphic data to obtain the values of yaw and pitch angle and

ball and separator speed.

The first source for errors in the method are certain inaccuracies
in measuring ball position utilizing the etched ball hieroglyphics.
This can be corrected by incorporating the program improvements
suggested in paragraph 7.3.

The second inaccuracy has its source in the computerized data
reduction program. Initially the instantaneous ball position was
computed from measurements of the ball center and four points at
the ball periphery. Because only two points are needed, one of the
superfluous points was dropped and the ball position was then
averaged to best fit the remaining three points. In the course of
the program this procedure was changed, and only two measuring
points were actually used for the computation. Quite good results
were obtained in some cases; however, in some other movies the

ball motion error was increased by this modification.

-16- &
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A further characteristic of the data reduction plots presented

is that the printed "average" separator and ball speeds and
attitude angles are arithmetical averages from all individual
values of the plot. The computer print out shows varying numbers
of erroneous data points (high blips on graphs) which would
indicate that there were large instantaneous speed changes. These
values now affect the "average" values, and should have been

omitted in the analysis of these curves.

The data in figures 22 thru 24 representing the final results
of this investigation have been modified to reflect the values
achieved not by the average shown in the print out, but rather
by straight line averaging of the curves, ignoring the large

magnitude blips.

Test run IA-5 (figure 16) rendered perhaps the smoothest curves

of all. They represent data taken at 12,000 rpm under 4,448 N
[1,000 1bs] thrust load. On the other hand, the curves representing
tests IA-1 (figure 12) which was taken at 4,000 rpm under 4,448 N
[1,000 1bs] thrust load is quite irregular. The comparison of

the graphs of these two tests indicates that measuring errors

are not a function of bearing speed at which the data was taken,
i.e. the photographic system records the bearing component motions
faithfully at speeds of 4,000 and 12,000 rpm.

From the plots representing IA-5 (fiqgure 16) it can alsoc be seen
that a relatively low error in ball speed results in smooth curves

defining ball spin axis orientation.

It is evident on all graphs that the plotted separator speed
variations are well within - 2% limits. This is to be expected
since separator speed measurements are much simpler to take than

ball speed measurements.

:\\2 -17-
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7.3

Suggested Program Improvements

The above mentioned inaccuracies in the experimental results

suggest that several refinements should be considered to improve

the data in future investigations.

-18-

(1)

(2)

(3)

Filming technique - It has been found that the film

frames which show the greatest number of measurable
target points on the test ball yield the most accurate
data. The test data could thus be improved by increasing
the illumination of the target ball during the filming

sequence.

Film measuring technique - Future large scale ball

motion studies should be preceded by an evaluation of
potential refinements in the film measuring technigque.

The present technique requires manual measurements of
target points on the film projection with the aid of
templates. This procedure is time consuming, and the
accuracy of the readings depends on the skill of the
technician {movie-reader). A computer aided system
could be set up where the coordinates of the target
points in a film projection are measured using a graphical
digitizer and the measurements are directly printed out
and compared for compatability with their known relative
position on the test ball periphery, i.e. with the
established ball map. Such a system would not only
result in considerable timesavings but would eliminate
misinterpretations of target points and reduce erroneous
readings. The major components for such a system are
commercially available.

Computerized data reduction - Large, instantaneous ball

speed variations are, as previously stated, caused by
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occasional measuring errors. Presently these erroneous
readings, especially the very large blips in the curves,
affect the "average" ball speed, as well as the derived
data for ball spin axis orientation. The curves could
be effectively smoothed if all measuring points which
yield an apparent ball speed deviation in excess of a
predetermined amount, say 50% or 60% from the average
speed (by its present definition), were ignored. Permit-
ting data points within the relatively high 50% or 60%
limit would eliminate only true error points, but would
still permit the detection of considerable, but expected

variations of ball speed as function of ball location.

Further, of immediate interest, is an error analsyis

to determine the effect of measurement errors on the
results when the existing computer program is used. A
paralleling effort should be performed to review the
mathematical approach of the program itself to determine
whether it is the best possible solution for the ball

motion problem statement.

The foregoing indicates that this program resulted in useful infor-
mation on ball dynamics. However, futher refinements of the employed
techniques are possible and desireable, and would unquestionably

result in improved data.

-19-
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Ball Rotational Speed
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Pitch & Yaw Angles - Degrees
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Ball Attitude Angles as a Function of
Inner Ring Speed and Thrust Load
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~040764 0.9948-0.06T2 -3.863 -4.392 32.330 1737. ~-1.93 17016, =9.40

k] 216,000 55,000 0.0 21.2 31,476 =0.227
4441 =l.636 -0.250 P . .
-0.2259 D.9602 0.14%6 8.853 =-13.601 54,532 174%. =-1.5i 27965, 48.90
4 1 2,400 50,600 0.0 G4,3 ~0.210 0.351 ’
: 40,3 =3.291 ~-0.660 . .
“D0.1453 D.9B24=0.11T4 =6.813 =B.4l4 T1.417 1746, =0.271 37100, 97.54
g 12?2, E0O 46,300 0.C 44,3 -0,56712 ~-0.896
29,1 =~3,665 ~0.690 .
—0.5076 0.6T53-0.4456 =33,420 =-41.028 26.881 1795. l.34 13785.-26.50
& 326,700 42.000 0.0 42,2 3.514 0.692
‘ 31,2 0.474 0.937
0.0306 0,9937-0.10T6 =6.179 1.766 3Z2.818 1737. =-1.93 17273, -8,03
7 173,600 37,700 Q.0 43,1 1,575 ~-0.B60
44,2 0.070 ~1.36% . . .
) : 0.9266 Q,36TT-0.0787 =-12.07T8  68.353 TalT4 1790. 1.04 3TT6.7T9.90
B 133,000 33.500 0.0 43,5 3.417 =0.902
4543 =0437TH =1.036 i .
001221 0.9T7T70-0.1749 =10.149 Tal25 34,086 1795, 1.34 1T4B0. ~6.93
9 336,500 29,200 0.0 43,6 3.684 -0.515

40.5 2.590 =0.509 . . . . _
“0,0522 0.9711-0.2329  =13.485 =3.074 2B, 242 1795. la3 16483.-22.89



-.-B-b._

FRAMF n.e, T4Rs RALL TO PNINT MEASURED SPIN AXTS CIRECTION SPIN AXTS SPIN AXIS BALL SEPARATOR BALL
NO.  PPSITIOY ONSITIOM SFP 295 Nl. TNCROINATES X Y ? PITEH YAW RUTATICH SPEEN PERCENT  SPEED PERCENT
(NEC) [REG) 1M TANG RAD [DE3) {DEG) tDEG] [RPM) E4rDOR {RPM) ERROR
10 0. 00C 24 .900 04N 0.0 1.954  =0.812
L] 1.565 0,240
=0a1408 D,°R94=0.0224 —leZ3% -2.087 61.896 17568. -0.72 2933.-84,39
11 17160 3217.60C C.0 6241 344532 0.277
44,2 0.7B3 ~-F.122
-3.1457 0.5568=0.2530 -15.177 -84 49,092 1737, =1.'3 25838. 3T.57
12 70.4C0 333.3Q00 .0 37.1 =3.790 -0.20R%
21,2 ~-1,360 ~D.&7N
=0.T421 0,2121 N.63539 T1e335 -744050 10.447 17664 =Da2T 542Te=71sll
13 23,800 ?9.000 0.0 0.4 3,245 =04380
(241 1.492 04565
0.0CAS 0.9904~041377 -T.916 04397 29.098 1766. = )a27 15114.-19.53
1a 27,200 324,700 0.0 47,7 =3.54T ~0.475
44 0.6C8 1.110
0,1700 0.9754-0,1404 -8.151 S.388 26,232 1768, -).27 13627.-27245
15 10,600 204400 0.0 4244 =3.,693 =0,551
PP 2.757. 0,240
=0,2102 0.9009-0,3679 =-22421) ~-14.332 17.813 1795, 1434 9135.-51.36
16 24,100 316,100 0.0 4241 =24210 -1.300 .
’ 43,3 -3,3C07 0.387
=0,1293% 0.9745-0,182T7 ~10.421 =1459C 35,033 1737, -1.93 18438, ~1.82
17 17,400 311.800 0.0 £3.5 -3.360 ~-0.,695
44,3 1,511 Gull4
021547 Qu5640-0,21561 -12.635 9.115 244590 176&6s =0a27 12774.~31.98
18 4N.RO0 207.500 0.4 46,72 =0.858 =-0.27
29.3 =-0.120 1.520
-0.0239 0.9917-0a1262 -7.252 -1.372 29,811 1766, -0e27 154B6.~17455
19 £4,20C 307.200 0.0 30,3 =-3.557 0,401
402 =3.610 -0.39%
=0.0238 D.,95917-0.1262 -T.252 -1l.372 29,811 1766. (427 15486.=17455
20 £T,6C0 268,900 d4.0 4242 3,652 =0.378 R
21.2 n.RAEQ 0.585
0.10R9 0.9932-0.1465 E: LAY £€.316 32.183 1T66. =0,27 16718.-10.99
21 f1.40C 2944600 0.0 428 3.800 =-0.277
’ 3l.2 0.256C 0,940
-0.06B1 046828 Q.7T27% 46809 ~5697 11,331 1813, 2+39 6044,-6TeB2
22 54,400 290.500 0.0 31.2 =0.456 0.340
4.3 =0.546 -0.927
“0,1064 0.0422-0.3178 <=18.642 BL-TLLE 53,990 1744, =1.5% 27687, 4T.41
23 57800 2864100 Gs 0 44,1 ~04275 =1.187 . O
‘ L3455 3,503 =-0,208
0.10F! 0.9790-0.1729 =~10.01¢8 6.300 32.628 1766. =0.27 16950. =9,75
24 414200 2B1.800 0.0 43,6 3.690 0.208
&2e1 =0.553 1.338 :
-0.0522 0,5789-0,1975 ~-11.405 =3.1113 26,257 1T766. =0.27 13641.-2T7.37
25 644600 277500 0uQ G4y las42 0.465 - . p
' 40,2 3,704 ~=0.460
0.0850 0.9918-0.C914 -5.267 5.128 30,922 1T4b6s ~0.27 16063.~14.47
26 6R.CO0 2724200 0.0 L4a2 O.B12 0.112
42.3  ~l.477 14245
0.0089 0.9741-0. 2260 -13,06C 04522 27.838 17606, ~0,27 15461.-23.00
27 Tle.404 268.900 0.0 23.1 2.875 =D.025 - - —— e - PR
4441 DeB4&4 =0.470
D.0217 0.9751-0.2209 <=-12.766 1.277 30.889 176&., =0.27 L6046 .~14.586
28 T4 .00 264,600 0.0 29.2 3.001 =~0.237 . -
19.5 3.821 0,005
. 0.0217 0.S751-0.2209 -12.76& 1.277 30,889 1789. 1.04 16258.~13.44
29 TR.200 260.%0C 0.0 43,5 =1,365 =-0.158 - [ - . mm
2943 1.117 1.228
0.0546 0.5803-0.1426 -8, 210 3.161 28.128 1766,

14612.-22.20



€

FRAME  O.R. 1.R.  BALL TO PDINT MEASURED SPIN AXIS DIRECTION SPIM AXLIS SPIM AXIS  BALL SERIRATNR BALL
NO. PGSITION PNSITINM SEP POS  NO, COPRDINATES x ¥ z PITCH YA ROTATION SPEED PERCENT SPEED PERCENT
1DFE) {NEGI (ING) TANG RAD tRER) {DEG} (DEG)  [RPM) ERROR  {RPMI ERROR
30 A1.600 756.10C 0.0 £3.6 ~3.528 -0.492
2146 4,050 -0.455
0.5204 0.8526=0,0470 =3,153 31,396 22,297 1766. =-0.27  11583.-38.33
21, 85.00C 251.800 0.0 0.4 =3,050 0,358
29.3  -0.850 1.320
’ : 0.0035 0,9858-0,1682 =-9,682 04207  29.872 1795, 1.34  15319,-18.44
32 BR,50¢ 247.50C 0.0 3043 ~3,A09 =0.236 .
3.2 l.C61 D534
. 0.0910 0.9T760~C.1976 ~11.447 5.328  2T7.T06 1789, 1,06  145B2,-22.38
33 91.900 243,300 0.C 29,1 -2.783 -0,523
4641 =0.TOS =-0.455
~0.0800 0.9878=0.1336 =T.T702 -4.629 32,344 1766, ~0.27 16802.-10.54
14 95,300 229,000 0.0 43,1  3.687 =0,592
19,5 =3.747 =D.259
‘ —0.9594 0.1576-0.2338 -56.017 =-80.5672 25,159 173T. -1.93 13242.-29.50
35 98.600 234,700 0.0 31,5 3,475 -0.747 :
42.1  046ST 1,326
De04b44 D,7125-G.7C03 =-44.505 2,567 151.780 1818, 2.66  T8B47.319.81
36 102,100 230.500 0.0 43.6 ~3,701 ~D.387 :
40.5 24660 =0,532
0.0018 0.9762-0.2170 -12,571 CelO4 148,754 1T6be =—0.27 T72T4,311.44
17 1€5.50C 226,200 0.0 4042 34627 -1.020
31.2 -1.363 -0.780
00849 0.9879-0.1295 ~T.448 44910  29.058 178+,  1.04  15294.-18.57
38 108.90C 222,000 0,0 44,3 14036 0,903
10.46 3,160 0,258
0.0239 0,9883-0,1508 =-3.678 14386 29,5848 1T761e -0.Z7 15368.-18.17
39 117,300 217.700 0.0 44,7 04221 1,209
29,1  2.876 =0.507 i _
0.0727 0.9T20-0,2236 -12.953 44215 32,777 1763, =0.27 17547. +6.58
40 115,700 213,400. 0.0 29,2 2,955 —0.741 ° L
: 43.1 =3.536 0,369
049793 0.200l8 040175 4a862  TBe354 254217 1T6b6s -0.27  13100.-30.25
_ 41, 119,106 209,100 0.0 44,3 =1.279 0.553 N
43,3 =3,412 -0.242
0,0769 0.9783-0.1922 =-11.115 " 4.,496 27.290 1752+ =1.10 14269,-24.03
42  122.450 204,800 0.0 2lad 3,462 -0.598 . i .
44.3 -1.612 -0,221 :
0.9846 0.1595 D, 0TL1  24.027  80.756 10.234 1775«  0.21 5422.-T1.13
43 125.80C 200,600 0.0 312 1,440 -0.395 ) .
44,2 —1.019 -0.545
0.6784 0.7205 0.1437  11.276 43,274 6.72B 1819, 2.1% 3429.-81.75
44  179.350 196,300 0.0 32,2 3.529  0.09% ; S
3047 -3.675 =0,352
. ‘ =0.3107 D.8964-043180 -19.417 =19.118 26,062 1T1T. ~-1.93  12664,=32,57
45 132,650 192,000 0.0 62,2 3.5TL  0.2i1 . oo —
‘ 31.1 -D.165 1.815 :
~040207 0.9824-0.1856 -10.700 ~1.209 28,956 1Ti3. -0.45 15240.-18,86
46 176,000 187,750 0.0 42.4 3,711 0.356 —
« 11.2 =0.045  0.879
0.0178 0.9932-0,1153 =-6.61% 1.024  29.799 17718, 0,38  1558l.-17.04
47  139.400 183.500 0.0 43a3  3.464 -0.787 -
31.2 -0.671 0.670
) 0.1724 0,9679-0.1826 -10,686 10,101 35,257 178§, 1.04 18556 ~-1.20
48 147,800 179.300 0.0 43,5 3,404 0,267 :
713 =3.341  0.181
—0.0268 0.9680=0.2495 =1l4e453 —1,586 2B.961 1T4¢, =—1.55 14852,-20,92
49 146,200 174,900 0.0 40,3 3,390 -0.656 . e
44,3 1,692 =0.155
0.0825 0.6724—042182 ~12.&47 40847 32,012 1760, =-0.62 17073, =9.10
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FRAMFE
NN,

50

51

52

53

54

55

Sé

57

53

52

50

61

62

63

o%

65

(]

67

&R

69

8ALL TO POTNT

POSTITION POSITION SEF POS NO.

NaRea 1.R.
{DEGI (NEG)
149.500 170.70C
152,850 146,300
156,400 162.20€
155.750 157,950
167,200 153,850
166,600 149,350
129,550 165,000
172.%50  140.90¢
175780 13€.€50
130,200 122,500
1RIEEN 1ZAL1GC
TR4,500 123.900
1°0.700 154650
193,750 115.30¢
197.15¢  1'1.20C
300,500 10%.7C0
297,800 1074650
FP%.?GO o2, 400
S10.650  C4.250
113,080 GC.0GO

(TN}

0.0 20,3
50,42
Ja.0 44a2
42.2
0.0 134
G0
0.0 1945
4343

Je0 43,5
21.1
g, C 214
40,3
Qe 2.7
11,2
0.0 42.2
31,2
0.0 42
3.l

Ce3 4341
1,2
0.0 43,5
31.2
0.0 40,5
Lbe2
0.4 &0.4%
£2.1
CeC S0e&
44,1
0. C 9.1
4.3
0.0 2742
44,42
0.l 43,3

4 .
.0 43 .6
£l
Ga0 50a1
29,7
L%} 3Z.2
70.3

MEASURED
COCROINATES X
TANG RAD

3.705 =0.672
3,654  0.109
0.0825
0a756 0,158
-3.525 -0.634
044511
3.968 -0.533
0.0 0.0
0.2854
3,742 0.538
~3.269 0.262
-0.0777
-1,243 -0.803
1,908 -0.255
0,9582
4,063 0,084
-3.212  0.136
~0.1654
1,548 =0.604
1.405 0.0
9.1%87
1,707 ~0.462
0.653  0.571
0.141%
2,850 ~D.385
-0. 7RG lebl8
«0.0722
1.763  -0.192
-0.376  0.736
0.0297
2.618 0,342 -
~0.510 04251
041543
2.802  —0,227
1.122 -0.084
0.0503
2,679 0,090
1,156 0,724
0.0107
2,184 D.631
0.7 =0u56%
7.0030
1,054 =0.713
0,223 1.106
0.076%
3.222  -0.213
0.722 D434
Dul048
-2.12F  -0.817
~l1.0t&  0.202
Des1A4C
-3.385 0,497
-1.7F7  -C.510
0.1822
-3,693 =0.111
—0.2L1 1,264
-0.240%
-31,71%  0.509
-2.2:0 -0.8%1

Q04 ZR

SPIK AXIS DIRECTION
z

Y

0.9724-0.2182
0.7996-0, 3964
0.5505-0,1230
0.5739-0.7132
0.1290 0,2553
0.5608-0.2224
0.9674=041545
0.4713-0.1212
0.9656-0.1224
3.6775-C. 2089
0.9658~0,1883
0.5782-04 1565
9a6746-0, 7239
0.5789-C4 2063
0.9785-0, 1945
04591 4-0,4 0790
0.9765-0,1293
0.9779-0,1262
0.9352 0.0943

NeG53A4=0.2221

SPIN AXIS SPIN AXIS

PITCH
{DEG]

—12.6067
-26.370
-7.371

-12.%49
63,201

-11,035
-23,072

-11.1%7
~7,106

-12.0¢2
-131.022
-11.344
=12.938
-11.737
~10a6%55
—heS57

-B.118¢

- 74957

54481

—1%.402

YAW
(DEG)

4.B47

29,4732

16,711

-4.55%

82.335

-9.7468

114655

B.289

~4.231

1.80

9.052

2.940

0.605

G173

4e%8E

ta029

F.534

10.604

-20.,013

2e54F5

BALL SEPERATOR
ROTATION SPEED PERCENT
(DEG}  (RPM) ERROR
32,012 1158, =-0.74
158.543 1128,  3.20
37.689 1740, =1.74
27.380 18(4. 1.86
25.586 L1M4, =0.27
26,381 174C. -1.74
36,828 1813. 2439
32,135 758, ~0.92
29,771 (Flé.  2.51
26,657 11524 =1.10
33.446 1775.  Jecl
28,671 1T18. 0.28
28,224 1759, -0.10
27.502 1313, 2,39
35,188 1752, -1.10
29,772 1T48. =1.28
27.715 1778. (.38
27,4469 18l6. 2457
81,764 1748, =~1,28
121,722 1795, l.24

BALL
SPEED PERCENT
{RPM) ERROR

16312.-13.15
84000347424
19579. 4.24
14316,-23,77
13291.-29.23
13705.-27,03
15641, 4.58
16536.-11,69
15670.-18.57
13938,-25,79
177204 -5.65
14992.-20.18
16474.-22.94
14668,-21.90
18399, -2.04
15773.-16,02
14491.-22.84
14447,-23,08

43319.130.44

62421.232.35
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FRAMF
NG

TQ

Tl

T2

71

T

T5

T8

77

78

79

80

a1

az

B3

84

8%

84

2T

an

B9

BALL TC

OaPa TuR.

POSTTINM PRSTTIOAN SSP pOS

IRER) [ak-1c}) TN
217450 pELTON ]
?70. 800 Al.500 0.0
224,200 TT.200 O.C
2274650  7:.000 0.0
171 ,G00 ARPLES0 0.0
PR4.400 4,500 0.0
AT, 000 £Q0.200 Cu 0
7414750 FEL.000 Q.0
P44 4 400 31,700 0.0
247,500 LT.450 D.0D
F517C0 434350 0.C
756,7C0 19.000 0.0
PRALICO . 24.B00 0.0
761,450 20,500 0.0
2644750 26,300 0.0
7EBL7C0 224150 0.0
7. €00 17.85%0 0.0
274,850 13,450 0.0
772,300 94350 0.0
2°1. 7400 5.050 0.0

POINT
N,

29,1
29.3

1%2.5
L4al

43,3
48,1

40,5
thal

40,7
94,2

0.4
Gy 2

79,1
Lhel

ME ASLPFDN SPIN AXIS DIRECTION SPIM &XIS
FrOCRNINATES X Y 7 PITCH
TENG RAD 1DEG)

—~2.500 =~04,4572
-1.517 -0.213
0.042% 0,9584-0.2B21 =~16,403
-3.475 =D.110 .
=0,205 =0.750
N.0714 0.6738-0,2153 =12.4%55
1.754 -0.165
0.0 ~0.997
34950 0,R356-0,2597 =-17,205
3.010 -0.512
3.516 -1.099
D,7234 D,E344% 0,2725 23.249%9
86156 0.0
la368 =0.202
D.B4€2 0.4938 12,1947 20,791
o431 0.256
1.212 04167
0.1272 0.9864~0.1041 -£.025
3,08 =0.441
lef16l =0,402
0.0321 0.981%-0.1871 -10.788
3,123 =0.45¢6
0.7198 0.0
Qe24613 047654-{1.0989 -5.85¢C
44068 -0.570
-0.103 Qab2h
-0.0026 0.53947-0,1C25 -5.886
3,581 -D.589
2u366 0.0
0.0717 Q.5866=C. 1467 ~8,456
=3.200 -D.CB4
4ol bt O.l161
=0.1375 0,9629-0,2323 =~13,564
3.621 0.18%
~0s461 0.323
0,0541 0.9919-0.1161 ~H.6TT
3.650 0.314
~0e517 =-0a.9826
040165 0,9965=0.C825 =4. T34
=3,9¢9 =-0.0%0 .
~0aTIO -0.%34
~0.00%86 0,9837=041787 =10.295
3.418 -0.707 '
=0.577T =0.790
0,0926 049946-Ca 0477 ~2«T45
3.584 -1.402
04729 =0.837
0.0363 0,9T04-0,2388 -13.826
3.282 =D.554%
0,375 =0.512
~0.04607 0.9905-0.11315 ~T7.565
3.670 =D.5563
De453 =~04953
-0.,0418 0.9926~-0.1137 -£,5122
Dab89 =0.702
0.641 0.274
0.0112 0.,9739-0.2267 =~-12.102
2.759 0.359
D.249% 0.521
0.0653 -7.537

0.9883-0.1278

SDIN AXTS
YA
{DES)

2,549

4,192

304138

4B, TE2

59.431

7+250

1.929

14.032

=0.151

4.127

-8.124

3.124

0.948

-0.383

5+318

2+142

-2.353

=2.414

0,456

3.700

BALL SEPARATOR
ROTATI 3 SPEED PERCENT
(DEG)  (RPM) ERRGR
121.722 1775, ©.21
29.829 1766, =-0.27
148.979 1804, 1.86
111.87% 1740 =1.74
162.376 1801, 1,71
320383 1795. 1,34
20,173 1752, =1.10
40.123 1714 -3.21
27.989 1806.  2.00
30.395 1813,  2.29
27.131 1755, -D.92
3600 1789, 1,04
27.198 1752, ~-l.10
29.964 1760, =0,62
264255 1816,  2.52
36,819 1766, =0,27
27.505 1775, 0.21
25,473 1752« -1.10
26.210 76s. -0.2T
14,5%« T2,

0. 04

14003.=25.44

BALL
SPZED PERCENT
{RPM}) ERROR

64489.243.36
15495.-17.50
TTA96.314.75
58117.209.44%
86027.358.04
1660T.~11,.58
15777.-16.00

21836, 15.26

14446.-23.09

16211,-13.69

16528,-12.,00

14221.~24.28

15981.-14.91

13818,-26.43

19127, 1.84

14572.-22441

13320.,-29.08
13615,-27.51

185T4. =~1.11

RS



_ag_

FRAMF
ND.

90

91

92

93

94

95

96

a1

958

59

SFPAR

0.7,

POSITIC

(NEGY

*A5,000

783,300

291.900

2954180

?98.450

301.R50

105,300

INALESO

111. 500

215.30C

AVG

ATDR 1
RALL 13

TaRa BALL TO POINT MEASURED
N PASITINN 5P P55  NO. COORDINATES x
IDEG) (IN.) TANG RAD
C.900 0.0 23.2 2.955 0a.213
44,1 0.681 0.07ER
J.132%2
1854600 d.0 23.3 0.851 1.405
44.3 =1.457 D.1E5
. -0,07€5
3157.500 0.0 1.2 3.429 0.514%
44,1 ~0.B&4 =0,278
=0.1630
34R.100 0.0 32.2 1.630 =0.510
31.1 1.478 14245
0.1176
344,000 0.0 4222 32655 =D.406
31.2 0. 304 0275
-0.063956
339,704 d.0 3l.2 0,266 1.084
44,1 =0,755 =0.409
0.0448
335.40C 0.0 43.1 3,604 -0.160
' - h& a2 0.197 =-1.319
' 0.0393
131,250 O C 43,5 3,454 =~0.250
43,3 3.375 Oublé
: 0.0358
3264550 Q.0 44 a2 0.BT7T7T =0.812
4443 1.6235 ~-0.356
0.0359
322,850 0.0 40,3 Je252 0.426
40,2 3,688 =0.571
« SPEED AVGs ABSUSPEED ERROR) AVERAGE YAW
{RPMI (PERCENTY {DEG. )
771,06 1.1407
TA1.57 LTS 4e325

SPIN AXIS DIRECTINN

Y z

D.SA69-0.0916

0.BT72-0.4T37

0.8591-0.4062

0.5618-0,2473

D.9°934-0,0915

0,97T37-04195%

0.9817-0. 1864

0.5817-0.1864

0,981 7-0.1864

AVERAGE PITCH

(DEG.}

=T+754

SPIM AXIS
PITCH
{DEG]

-54302

~2B.370

-24.211

-1%.418

-5.262

=11.282

=10,752

=10.753

=10.753

SPIN AXTS
YAW
(DEG)

Te6T1

=5.121

-10.278

6970

-4.007

2616

2,326

2.326

2.326

IDEG.]

0.0 |

BALL SEPARATOR
ROTATI # SPEED PERCENT
{DEG} (RPM} ERRQR
33-855 1737, ~1.94
22,077 1842, 4.01
25.035% 17129, =2,37
33.156 1784, 0.72
28.902 1766. =-0.27
31.300 ,178l. ;.54

29.228 1T8T.

29.228 1722.

29.228 1813.

MEAN BALL FOSITION

0,88

~2.78

2.38

BALL
SPEED PERCENT
(RPM} ERROR

17818, -5.13
11620.-38.13

12921,~31.20

17922. -4.58

15014.-20.06

14155,~13.98

15508.-1T.00

15485.-17.5%

15588,.-17.00



..gg .

I T I BALL MOTION DATA REDUCTION
_ . 171 RALL MATICM JEST ND. I=-A-2  {10/26/72) APP_ - 1-
SHAFT BALL CTEST BALL PITCH SEPARATOR FILM OBJECT
RDM DIA. MOa. . _DIA. _ MEAN RAD._ MAGNIFICATION LENGTH
Hooo
-+28e9: 0.750 2 5,6350 2.8175 12,750 34,276
FRAMF  0.R. I.R. BALL TC POINT  MEASURED SPIN AX1S DIRECTION SPIN AXIS SPIN AXIS  BALL SEPARATOR BALL
NG, POSITION POSITION SEP POS NO. COORDINATES X Y z PITCH YAW  ROTATION SPEED PERCENT SPEED PERCENT
LDEE) {DEG) LIN.} TANG RAD IDEGI (DEG) {DEGY)  (RPM) ERROR  [RPM} ERROR
1 8%.000 7T7.100 0.0 3.2 -1.476  0.438 (3x) (g")
_ [ Zad 0,892 =0,997 -
0.1362 0,8041-0.5787 -36.744 9,622 27.062 5143, <=2.81 3B660.-19,87
2 92.600 72.300 0.0  43.2 34815  0.165
5.3 -=3,480 -1.103
—0.2564 D.T960-0,5482 =-34.556 -17.855 26,111 5349, 1.09 37751.-21.56
3 96.300 &7.700 0.0 3.5 =3.006 -0.763
30,3 De3RY D.%18
0.1732 0.7738-0.6093 =38,213 12,616 27.190 5365. 1.36 38388.-20.24
4  100.100 63.000 0.0 36,5 =-2.978  0.027
, 121 3.817 =1.179
—0.2028 0.B366-0.5009 —31.309 -13.623 36,217 5286, -0.11 51738. T.51
5  103.800 %58.300 0.0 6.1 1.000 -0.883
11.1  3.700 =0.613
‘ <0.3108 0.8481-0.4291 -26.838 -20.125 51.108 5224« -1.29 72153, 49.92
6 107.500 53,500 0.0  43.3 =-3.600 =0.192
£.3  -0.627  0.835
—0.7247 0,6092-0,3221 -2T+867 -%9.947 21,904 5205. -1.64 31669.=34.20
7 111.100 4B.800 0,0 43,2 =-4.040 0.725
6.5 0,689 0,817 .
“0.0081 0.90809-0.4169 =24.641 =0,387 51.980 5239. -0.99 B7654. 82.55
A 116.200 44.800 0.0 4.5  2.690 =0.290
5,1 3,854 _-0,455 .
T C0.B748 D.4B44-0.0066 -0.784 <-61,025 19.298 53715. 1.57 34123.-49.88
9 118.500 39.500 0.0 122 =3.375 =0.643
- S.3 2,915  0.400 .
T0.2278 0.7180-0.6578 =42.494 —17+602 24,348 5365. 1.38  34373.~20.58
MNSTE Y TR AcTuAL SPEED VALLES N THis Bun TAZ Dyde TRINTED TIQUBES OF

CePARATOR - Anb Ball SPEEDS 1?57/ 2 . DTHEER VALUES ArcE CoRERECT,




[

(3]

L
'

FRAME

BALL TO POINT

——-NOy—POSITION-POSLTION SEP . POS _NO,

——10 .

-11

D.R. I.R,
[DEG) {DEG}
-122.3C0- 34,800
125,905 .- 30.100

—-1l2 223,700

13 .

- -l4

- 15

le.

- 17

— .18

19

21

22

23

4

25

2e

27

25

23

123,300

137.1040

14C. 7406

144,5C0

148.200

151.£0C

155.£C0

156,200

ls3.co0

166.700

170.200

174.10C

177.800C

lair.4c0

185,200

183.900

152 .£00

_ 28,400 .. 0.0

20.800 .

16.000

11.200

3664700

3681.900

357.23400

352.70C

I4P,100

343,300

334,700

334,000

329.300

324.60C

31%9.800

315.10C40

310.400

305.600

[IN.)
0.0 11,3
3.5
0a0.  _ 10345
4.3
9.1
4ok
_D.0 CSub
3.1
Oud. . _4la2.
2.3
0.C 30,1
2.3
Oell. 36.5 _
1.2
0.0, 2646
1.1
0.0 43.3
6.1
0.0 41,2
6e3
a.c 5.1
442
0.0 6.4
3,2
0.0 4.1
3.1
0.0 10.4
2.4
0l 3.2
7.3
0.0 0.2
63,2
4.0 0.3
41.2
0.0 12.2
1,3
0.0 1.3
24.2
0.0 43.5
6.3

MEASURED S5PIN AXIS DIRECTION SPIN AXIS SPIN AXIS  BALL SEPARATOR BALL
. .CODADINATES .. X Y ...z . PITCH. YAW._ . ROYATIDN SPEEN PERCENT . SPEED PERCENT .
TANG RAD (DEG) (DEG} (DEG}  (RFM) ERROR  (RPM} ERROR
4,096 . -0.147 - e e e
2.895 -0.389
~0,0334 0,8552-0,5173 =31,168 -2.234 31.520 5205, =-1.564 45571, =5.31
w=3a821 =0u425 L L L L
-0.624 -0.467
0.0532 0,8679-0,4938 =29,638 3,507 30,747 5365, 1.38  43407. -9.81
B T - -
-1.564 =0,075
0.0996 0,8702-0.4825 -29,C08 64526  29,5CT 5268, ~0.4%  43182.-10,27
mFITR =DR2M9
-1.599 =0.204
0.0772 0,8382-0,5399 -232.790 5.264  31.136 5302, 0,20 43446, =9.72
= AW8LB _=0W828 o
-0.152 =0.648
0.0014 0.9190-0,3942 -23.215 0088 36,322 5143, =-2.81 51888. 7.82
~0.815 . =De2lR _. . . _ o - U
-0.780 =0,871
0.0014 0,9190-0.3942 =-23,215 0,088 36,322 549, 3.82 52513. 9.12
.=3.281  —0.455 e ,
0,450 =0.216
0.0576 0.8755-0.4798 -28.723 3,762 30,266 5223, ~1.29 42728.-11.22
. =3,953 Oulol o - e e e
-0.675 0,340
0.0499 0.8662-0.4972 =29.857 3.295 30,448 5288, -0.44 44558. -Taedl
-3.813. -1.005 - e e e S,
-0.096 ~0.462
0.0545 0,8761-0,4791 -28.673 3.561 30,618 5629, 2,59 43741. -9.11
-3,534 =0.626 o e e . I e
—D.447 -0.675
0.0764 0.8465-0.5268 =31.85% 5.15§ 30,228 5349, .09 43703, -9.19
32,576  0.363 - ; } . .. ol
0.924 =0.020
0.0115 0.9107-0,4128 -24.383 04725 33,329 5224, ~1.29 47052. -2.23
1.4858 0.095 - . . I JE . e — - ———— — ————
2.573 -0.339
-0,0139 0,8663=0,4994 =29,981 =0.91% 29,700 5349, 1.09 42941.-10.77
-0.412  ~0.745 s - e e e —
1.352 0.090
040478 0.7655-0,6417 -~39.573 3.574 27,922 5205. -l.64 40370.-16.12
-3,480 0,299 _ e~ o B e
~0«95% D,%20
-0.458) 047935~0.3906 =726,G65 -29,84& 40,065 5365, 1.38 56604 1T.62
-1.472  0.656 o e S
1.324  0.712
-0,0125 0.8637-0.5038 -30,252 -C.0827 29.917 5286, =0.l1 42739.,-11.19
1.202  0.962 ] ) L oo -
3.9¢7 04162
-0,0207 0.8931=0.4495 =26.716 =1.326 29,677 5143, =2,B1  42396.-11.91
0.484  0.598 . e . .
3,232 0.298
. =041731 0,BOB5 0,5625 34,926 -12,082 8,506 5365, 1.38 12008.~75.05
31,479 =0.812 ] _. — -
0.596 1.207
0.0060 0.5623-0.2721 =15.789 0.240  T44453 5266, =0.11 106362.121.01
-0.967  1.049 . e e e e e e
1.124 0.812
J4a0343 0.8792=-0.4752 =28.391 2.237 Al.6%2 5223. -l.29 44669, =T7.18
-3,199 ~0,2B4 o P
0-6A8 -0,687 :
0.0260 N.B681-0.4%851 =-29.658 2,375 30.337 5268, =04 44 44336, =T,.75



I
w
i

-

FRAME

Oa.Ra 1.Ra  BALL TO PDINT MEASURED SPIN AXIS DIRECTION SPIN AXIS SPIN AXIS  BALL SEPARATOR BALL
—  NO+ POSITION-POSITION SER.POS  NO, . COORDINATES . X ¥y b PITCH YAM .. _ROTATION SPEEN PERCENT SPEED PERCENT
(DEG) (DEG) tIN} TANG RAD (DEG) tDEG) {DEG) (RPM} ERRQDR {RPM) ERROR
.30 196.200__301.000 D.LC £1.2 =3.,191 Q.3A3 [
bab 0.7T1 0.910
0.064]1 0.8863-0.4585 -27.357 4.138 20.934 5385, 1.38 43671, =9,28
— 3} 200,000 296,300 0.0 24, =3,943, ~0,0%5
. 4.5 2.743 -0.254
-0:1908 0,656T1-0,7201 -47.187 -15.561 15.898 526B. =0.44 232864=51.56
.32 203,400 291,700 0,0 12,4 -3,838 D.554
Ha2 0.434 0.250 .
- ~042262 0.8T724-0.4342 =-26.461 -14.412 Bl.527 526B8. =0.4% 119306.147.90
e 33 2CT.200 287,100 0.0 10,2 -3.611 =-0.128 =
®a2 =0ab863 0.150
=0,3213 0.9213=0,2190 =13.372 =-19.224 23.353 5429, 2.59 33361.-30.68
A 211,000 282..500 0.0 10,3 =3.7T4 ~0a120
ho2 1566 =D.424
:  =0.3182 0.9094=0.,2676 =-16.358 -19,28¢6 27,061 5223, -1.29 38203,.-20.62
A5 _ 214,700 27T.700._ 0.0 . 1024 =3,T67 =0.475 o —
2% De%lT =0,T765
0.,1005 0.8819-0,4607 =-2T7.582 bekhGS 28,608 5286. ~—-0.11 40859,~-153.08
— 3h Z21R.ANQ__273.000 0.0 43.5 34258  =0.300
5.1 =3.732 0.095
0.0048 0.,8822-0.4708 =-28,08B6 0,314 312.086 5481. 3,58 4753, -1.23
0 37....222.100 24P.&00 0.0 = —
3,2 =2.700 =-0.885
. =0.0T02 0,B8527-0,51T7 =-31.266 ~4.T05 28.817 5143, =-2.81 41166e~14+46
1§ 225,700 263,800 0.0 2441 A.T63 0,420
L.1 1.738 -Q.195
- =0.0192 0,8797=0.4751 ~-28.374 “14251 222357 5365. 1.38 I1563,-M .42
39 229,800 256,100 0.0 @ 12,1 @ 3.T76k -Q.42&
1.3 =0.072 1.209
=0.0151 0.8954-0.5450 =-26.426 -0.965 39,107 5349. 1.09 565424 1T.49
40 233,200 254,500 faf) 1.1 -0.508 0,460
11.1 3.523 G.091
=0.159]1 0.9274-0.3385 ~20.051 -9.735 39,232 53465, 1.09 56T7T21. 1T7.86
— &1 235,900 249,900 0.0 43,3 -3,745 -0.660 i
10,3 3.575 0.296 ’
=0«7721 0.3383-0,5380 =5T7.B841 =-66.342 30.7T95 5082. -3.9¢6 434The =9.66
42 240,500 24%.000 D.Q 24at -3.4T71  -0,318 . .
6ol =0.485 0,937
0.3182 0.1215-0,9402 -B2.5639 49,1049 18.7TT1 5349, 1.09 2T138.-43.61
43 264,200 240.40C 0,0 53 34451 =0,598
%42 " lall4d =0.065
=0.,87459 0.4404& 0.2016 24,556 " -£3.281 16,120 522%. ~-1.29 22750.-52.T1
&4  267.900 235.600 0.0 12,2 =3.454 1,066
3.2 2,504 =D.663
. -0.8726 0,0162-0,4881 =-88.101 =-86.937 17.985 5349, 1.09 26002 ,~45,.97
45 251.600 231.000 0.0 11,1  -3,721  =-0.927 :
4.1 =0.295 =0.723
0.0637 0.B8535-0.5004 -30.093 4,219 31,288 5286, ~0a.ll 44697, ~7.13
4f 255,300 226,300 _ 0.0 10,1 =2.838  0.126
Goh  =D,T57 04395
: 0+0335 0,.8522-0,5222 =31.501 2.249 31.077 5428. 2.58 44397, ~T.75
47 289,100 221.700 0.0 3.2 -1.210 D750
- 36.5 3.994 0.116
0.0447 0.8902-0.4535 =-26.996 2.874 30.156 5205. ~l.b% 42656, ~9.29
40 2R2.100 217.000 0.0 5.1 =-3,900 -0,727
43,5 2+940 0.221
-001297 005157'005594 -344342 -9.000 27.139 5236' -0011 38”0.'1'-‘*
.. %% 264400 212,300 . 0.0 41.2 3,393 -0,045
1.2 1.102 -0.492
0.0730 0,3397=0.9377T ~T0.086 12.129 31.187 5205. -~-1l.64% 45089, -&.31




[
LA
(1]

I

FRAMF Ou#a I.R. BALL TC POINT MEASURED SPIN AXIS DIRECTION SPIN AXIS SPIN Axls BALL SEPARATOR BALL
o NO. POSITION_ PDSITION SER.POS NO, ... COQROINATES .. ¥ 7 . . PITCH ... _ YAW. ROTATION SPEED PERCENT. _SPEED PERCENT
{DEG) (DEG) (TN} TANG RAD {DEG!} (DEG) {DEG) (RFM] ERROR (RPM} ERROR
B0 . ZT0.00C 207,600 Q.0 — -T.1_=3,830..~0,937 .. ... —_ - - e - _ e e e ———
30.3  =0.4836 0.470
=0.3407 0.9263 0.1509 9.852 =20.1%3 37.6%52 5428, 2.58 53789. 11.77
Bl 273,800 203,000 0.0 _ 36,5 -3,400 =]l.081 . ._._ —
1.3 -0.723 1.037
0.0249 0. BBBb-0.4675 =27.882 l.615 30.643 5350. 1.09 44302+ =T.95
e §2_ 277,500 1SH.400__ 0.0  2hab =4 [ - —_ o
1.l -1. 03’0 0 221 .
_ 0.1045 0,B8T30~0.4763 -28.617 6.B824 29.759 5143, ~2.82 425144=11.66
L53. __281.100 192,600 0.0 __ 43,2 .- e [ e — -
6.6 1.027 0,686
~0e0661 0.,BTBO-0,64T4]1 ~-28.3638 -4,3012 34.791 5429, 2.59 49702. 3.27
. 54 _2R4.900 _1R%.000 .__ 0,0 24,1 -3.826 0.316 -
4.2 «3.,6C8 ~-1.056
0.2128 08396~0.%997 =30.741 14,225 27.825 5349, 1.09 40229.~16441
ol S5 _ . 288,600  1B4.4500. _ _Da0 12,6 =3.78F =0.278 e e e —
4.1 0.728 -0.973
0.,0293 0.9144-0.4038 =-23.827 1.835 614724 5205, ~=l.b64 89239. 85.43
S __S5A_ . 292.200 139,700 .D.0__ 4.1 _0a.15%0 =0,155
7.2 3.078 =-0.829
0.1T780 0,9823 0.0582 3.3%4 10.273 63.T49 5205. -l.&4 92169. 91.52
. BT 295.RB00. 175,000 0.0 . _— 342 1,133  _0.73& _______ i -
: ba2 1.437 =0.425
Q.0326 0.8362~0.547T4 =-33.208 2.2131 25. 82T 5350, 1.09 37339.=22.41
__.58  299.500 _170.400 _ 0.0 ___10.4 =3.,648 -0.180_ . . .___ . ———e -
3.5 0.804 1.229
~0,0178 0.8617-0.5071 -30.474 -1.181 32.546 5286. =0.11 46495, =3.39
5§59 _302,200 165.700. Q.0__ _ 3.1 -1.293 -Q0.005 ____ _ . . P —_ ——————
el =3.550 0.327
0.0544 0.B115-0,5819 =-35.643 3.835 24,169 5268, =044 35370.~26.50
.. B0 3N6,B00 161.100. ..Ca0 _ _30.2  D.868. 0.960 .. . e - e e e e -
Te2 =0.416 0.879
0.0143 0.9007=0.434]1 -25.733 0.,9C7 34.T1T 5429. 2459 49595. 3.05
£1 . 210,600 156,500 _0e0. _ 30,3 __ 0.163 _ Dua%3T. - O U ——
1.2 0.856 =0.368
0.0143 0,9007-0.4341 -25.733 0.9C7 34,717 -5286. ~0.11 495946, 3.05
- &2 314,300 151,800 D.0 . -12.2 . 3.372.  =0.571 _ . . e —
36.5 =3.114 -0.128
=0.1871 0.8700=0.4562 -27.665 =-12.139 64,648 5185, -2.01 95775. 99.01
— . &3 317.£0C . 147.200_.. Cu0 1l.1 3a63% . =0.390 e e J— —— e —
lel -D.235 0349
0.,0085 0.8951-0,4458 =—26.476 Jg.551 29.231 5620. 6e2l 44552+ =Te43
- A% 321,500 _ 142,000 . Qa0 __43.3  =3.699 .=0.325__ ____ - —_ —
24.2 ~0,505 0.771
0.087% 0,.85672-0.4%01L -29,471 5.7487 31.631 4989, =5.T73 426%9.~11.38
.85 _ .325.20C 137.80C__ 0,0 . &l.2 . =3,322 _=0.049. U Y e e e
6ol =Da421 0.769
0.,2866 0.8695-0.4020 -24,810 18.2¢€2 40,934 5429, 2.59 58334. 21.21
L. AB__ 229.000__133.200 . .0 .. _4%.2 1a289. 0318 . ... . - S O
5.3 3,824 -Q.266
—0.5718 D,2821-0.7704 =65.850 -63.743 16,060 5268, =0.4% 235Q04.-51.16
_ -6T7.._ 12,6040 128.600 . .0.0 12.1 _~3,551 _.0.067 - el e . —_ -
5.3 24848 0.459 »
-0,1032 0.8347-0.5410 -32.94% =7.052 27,555 52405, =1l.64 39838.~1T7.22
68 336,200 .123.9200._ 0.0 _&a1 _ -0.150  =0.813. _____ .. -
G4 0.825 0.260
«040097 0.,8929-0,4502 =-26,T58 ~0.624 22,727 5349. - 1.0% 47317. =1.68
A9 . 339.900 119,300 0.0 _4al  =0.740. . -1.052 — e e — e e — — —
10.3 =3.,37% 0,045 .
0.1159 0.8078-0,5780 -35,583 Bal&3 29.977 5349, 1.09 43341, =9.94




FRAME D4R, 1.R. AALL TQ POINT MEASURED SPIN AX1S DIRECTION SPIN AXIS SPIN AXIS  BALL SEPARATOR BALL
o o MP.  e0SETLON POSITION_SEP POS__NOy .. CONRDIMATES... ... X - ¥ 7 _PITCH _ YAW_ . BOYATION SPEED PERCENT... SPEED P
(DEG) (NEG) {IN) TANG RAD (DEG) (DEG) (DEG)  {RPM} ERROR {RPM] ERROR

30 343,500 114.70C . 0.0 ... 3,2 =0,BBO 0,729 .
Te2 1.361 0367

0.0598 0.8162-0.5747 =35.151 4a191 27.324 5365. 1,38 38575.-19.85

71 347,40C0_.110.000 0.0 . 5,4 =2,949 =0.290_
’ 2e3 0,430 -0.603
~0,6601 0.7091-0.2479 =19.273 =-42.952 2.608 5268, =0.44% 3817.-92.07
L 72 AS1.000 . 105.400 0.0 . &1.2 3.455 -0,517 .. e
30.3 0,955 04249

00465 D,875}-0,4818 -28.835 3.043 31,360 52054 ~lab4% 45341le «5.79
L 12 3S4.460€ Y00.T00 . Q0.0 . 24.1 3.633 . D.570 .
2.3 =0,85] =1.,008

=0+0652 0.902B~0.4251 <~25.215 =4.1133 32.407 5268, —0.44 47425, ~la.4t

e T 3584200 94,100 Q.0 36,8 =3,
3044 ~l.416 0.482

0.0869 0.9598-0.267T0 =15,545 5.172 48,151 5349. 1.09 696164 44,65

75 1.800 21.500_ _ 0.0 10.3 . 23.370 =Q.117
1.1 -0.765 0.192

-0.5291 05272 0.6649 514590 =45,10(6 7.902 5205. ~l.6% 11424.~T6.26

__ 76 5.500 __B6.800 0.0 .

—Ha& 0,780 0.666
43,3 =-3,784 -1.035
0.0070 0.8249-0.5653 -34,422 D487 33,029 5365, 1.38 46630, -3.11
77 .....9.300 82,00 0.0 __ 10.1 2.846 -—0.053 N,
645 0.397 =0.791

—0.6893 0,4792=-0,5434 =-48.592 =-55.1%92 25.7T45 5185. =2Z.01 38140.-20.75

. 7A&  12.800 _¥7.500 . (a0 Bkt 3,359 =0,462
batr 0,911 =~-0.513
04126 0.8693=-0.2721 =17.377 254390 T2.422 5286, =0.11 103460.114.98
__T9 .. 1Ahe500. TF2.800 0,0 4a1 0,377 =0,895 —
10.2 =~3.18C 0,998

-063346 0,8506-0.4055 =25.,488 =-2l.474 32.928 5185, ~2.01 48783, 1.36

80 20,000 6R.Z0C Dl . 10,2 =3,975 =0,259 . :
N 422 =1.147 =-0.354

=04 635 0.8836~0.0662 4283 =2T7.675 40,189 5365, 1,38 56T3T. 1T.B9

B 23, 80N &3 ,500 0.0 10,1 =2.880 =0.201 . __
4.4 =—0.B68 0.190

0,0690 0,8386=0.5403 =32.791 4.703 304425 S415. 2.32  4452%, =T.48
A2 27,500 . .59.000 __D.O 3.2 ~1.31%4 0,500 : .

2.4 0,138 =0.927

0.,345% 0,9248 0.1583 9,712  20.507 61.07F 5122, ~-3.21 89372, 85.70
83  3l.con 54.300 0.0 ——%a5 24896  0.25%

5.3 =3,397 =0.858 .
0.1296 0,8149-0,5649 ~234,.731 9,037 29,378 5429, 2.59  %41969,-12.79
_ 8% _ 2G.BO0  49.T700 . 0,0 41,2 . 3,308 0,030
’ 30.3 D578 0,389
: 0.0088 D.8792~0.4764 «28,6454 0.575 29.163 5205. ~l.64 42134.~12.45
_ . A5 38,400 45.000 0.0 1.3 0aTh% _ D.9K& ,f

30.4 =0.435 0.822

0.0088 0.8792-0.4764 =-2B.4%4 0,515 29,143 5268. -D.4% 42648.-11.38
A& 42,0600  &4fl.400 0,0 12,2  3.471 0.278
1.1 0.137 0362

_ . -0.0121 0.9115=-0.4112 =-24.282 —0.763 B1.916 5268, -0.%4% 119878.149.09

___B? 45,400 35,800 0.0 2%.2 =0.148 D.78% _

1.1 =-1.152 0.037

0.006) 0.8391-0,5440 =32.956 R.418 31.299 5345, 1.38 44187, ~8.19
as 49,400 11,100 0.0 10.32 3,392 0,059
644 0.301 0.815

0.0312 0,8986=0,4377 =25,971 1.987 30,873 85248 =0.4% 45179, =6.12

RQ 53,000 26,500 .. 0.0 24,1 =-3.817 0,145 -
bab  ~0s491 0.742
=0.7008 Q.5760-0.4208 =36,152 =50,582 10.663 5268, =0.44 15604.-56T7.58

-L;-




_gg-

FRAME  D.R. I.R,
{DEG) {DES)

90— B4, 400 - 21,800

— 91  50.300 .17.300

BALL TC POINT MEASURED SPIN AXIS DIRECTION SPIN AXIS SPIN AXLS  BALL SEPARATOR BALL
SEP POS NO, . COOBDINATES . X . ¥___ F PITCH . YAM . ROTATION SPEED. PERCENT SPEED. PERCEMI ..
tINGD TANG RAD ) (DEGI (DEG {DEG)  (RPM} ERROR  (RPM} ERROR
Q.0 12,2 =3 ,234 ~0.210 . ____ . . e e e e e I e )

6.5 =0.565 =0.800
0.5470 Q.8370 0.0157 14078 33,143 532.8l6 5349, 1.09 Té&361. 58.67
0,0 _.1lel. . =3.470._ =0.056_ e e e e e s I

2.1 0.099 =0.817
0.8776 0,3064~0.3686 =50.269 TQeT55 26.4C8 52B6. =-0.11 37726.-2L+61

— B2 5400 12600 0.0 3,1 ..1.002 QO,083 — P

93 __ 47,500 _ _BR.000 _ 0.0 __ 36.8__3.8%% _=Q.818. . .. __ . SR

94 71.200 .. 3.400 0.0 5.3 _=2.976 __ Q.205 . —— —

95 . . T4+900_ 358,700 .

w98 78.400 . 354.000 0.0 _ 24,1 3.940 0.040 . ... .

“al -D.548 =0a b
0.0835 0.9152-0.3943 =~23,309 S5.214 41.029 5185, <=2.01 60784, 2&.30

104 -3.620 =D.282
0.,0282 0.8564-0.5156 =31.052 l.885 32.421 5349, 1.09 468T4. =2.60

43,3 3,749 =0.438

-0+0926 0.8440-0.5283 =-32,047 =6.264 2%9.424 5286, =0.11 42034,-124.66

Qall o 4la2 24632 _=1lQ73 0 - e

3042 1.397 0.100
0.0410 0.8731-0.4858 =-29.061 2.685 31.824 5122. =3.21 465T3. =3.23

2+3 -0.584 =0,820
=0.2112 D8080-0.5500 -34,245 -14.648 19.253 5415, 2.32 208175 .=41.46

-5 X 82,100 . 349.500 0.0 . 12.1 __3.845 =0.8685 . . .. ..o o e -

— —8R _...85.20L. 344.900 .

-89 _ 89.400 .. 340.300

S-100. . 33,000 . 335,600

S--10Y - 96,740 331.000

102, . 100.300 326,400

_. . . . . _auwGc, SPEFD
{RPM)
SEPARATOR 5291.71
e . BALL 4212606 . ..

l.1 1.019 0.228 -
0.0526 0.5026-0.4273 =25,3323 3,338 41.589 5268, =-0.%4 60861l 26.46

0.0 __. 368 =-3,440 =0,561 __ . ____ . . .

1.1 =0.275 0.3493
0.0591 0,8582-0.5100 =30.721 3.9139 29,387 5349, 1.08 42487.+11.72

00 .. 43,3 -3.683 =0.331 . [ . -

24,2 ~0.609 0.789
0.6550 0.6471 0.3902 31.092 45,347 12.930 5205. =l.64 1869%+=61.14
0.0 . 10.2.. 3,120 -0a839. ... — e o

b5 0658 ~0.T4b
0.1494 0.9398-0.3074 -18.114 9.032 15.108 5349, 1.09 108592.125.6%

0.C . _ 24a1  -3.981 _=Q.380__ _ _ _ __ I
6.6 =0.930 D.685
“0.3217 0oBT45=0.3629 =22.540 -20.19% 44,315 52608. -0u44 64851. 34.75

0.0 1244 F3.A23 =0.%36. .. . L

3.2 Z2.859 0.472

AVGa_ ARS{SPEED ERRGCR)__ AVERAGE YAW  AVERAGE PITCH__ MEAN BALL eOSITION —

LPERCENT) COEGs ) (DEG.) (DEG.)
144605
L. 2BaT54T. . ~4.437__ _ ____=26.816 0.0



—Sg_

{ T 1 BALL MOTIGN DATA REQUCTION

e S . IfI. BA11 MOTICN TEST MD, 1-A=2  {3422/73)_. .. N APP. -1-
SHAFT BALL YEST BALL PITCH SEPARATQR FILM OBJECT
BPM DIkl NC . 1A, ﬂEAE_BAQ___HAGNIEJQAIJEN__LENGTH

AQD0. 0.750 2 5.4350 2.8175 12.750 34,276

[HE2511 SORT NEGATIVE ARGUMENT=-0.B8125009E 02

TRACEBACK ROUTINE CALLED FROM ISN REG. 14 RE#. 15 ééG. [¢] REG. 1

e SQRF— . . £008 52040008 00056480 - .0004B9)C.  00040R04
CNVRT 4204888 0Q04DA90 0o04BR9IC aoo49A0L
MAIN 00015354 ClO43648 FDCOOOCS Q00B1FF8

47AENIR¥7P9INI=4;DLDAQb$&———————___________~m. — . R

STANCARD FIXUP TAKEN + EXECUTICN CONTINUING
0.8 1

ERAME . "RAVIL O POINT . MEASURED SPIN AXIS DIRECTIDN SPIN AXIS. SPIN AXIS  BALL SEPARATOR BALL
NP. POSITINN POSITION SEP POS NO. COORDINATES X Y 7 PITCH YAW  ROTATION SPEED PERCENT SPEED PERCENT
{DEG) {DEG) (IN.) TANG  RAD {DEG) (DEG) {DEG)  [RPM) ERROR  (RPM} ERAOR
1 85.10¢ 102.500 0.0  15.4  3.926 -0,637 .

10.4 3.455 04440
90,0351 0.8319=0,5538 -33,63] 2e%l4 31.935 3671 Q.82 30057, -8,29

2 89,000 97.900 0.0 16.3 3.331 =-0.876
5.3  1.235  0.190
—0.9467 0,3196-0,0398 __ =T.106 = 4 57,580 3576, =1.77 _ 44783, 36,65

3 92.800 93.200 0.0 30,1 =3.180 ~0.650
4.3 0,007 =1.600
—0.1783 0,5143-0.B388 =58.484 ~19.169 31,286 3671, 0,82  29446.-10.15

.1 -3,910 -0.075
.1 =6,700 =0.368
0.0005 9.9750-0.2222 —12.836 0.029 53,7368 35628, =—0.33 49989, 52453

4 96.700  EB.600 0.0 6
3

5 100. 600 83,900 0.0 22.2 3.375 0.411
3.5 0.940 -~0.869

I =0,30874 0.886% 0.2512 15,815 . —23.604 17.696 3765, 3.40 16655.,=49,18
& 1044 £00 19.400 0.0 3.1 0.182 -0.749
10,3 =3.T700 =-0.357

0.0117 0,9853-0.1706__ =9.826 0.683 35,950 3535, =2,91 33442, 2.04

3.398 0.1%
2.903 =Q.330

7 108.400 74.60C 0.0 3
0.0117 0,9853-0.1706 -9.826 Qa683 35.950  3T1l4. 2.02 34239, 4.47

g

3
B 112.300 70.100 0.0 16.0 -4.013 =-0.363
3

-0.988 ~0.458

0.,4732 0.8224 0.30467 204453 30.231 114.314 3721, 2.20 106339.224.47
1 0.918 0,385 .
2 3,102 =D.194
! : ‘ 0.1259 0,991%=-0,0170 -0.980 T.222 39,665 3671. 0.82 373324 13.91

‘97 116,300 65,500 0.0




1
[42]
?

)

FRAME  Q.R. 1.R. BALL TQ POINT MEASURED SPIN AXIS DIRECTION SPIN AX1S SPIN AXIS  BALL SEPARATOR BALL
— NO. - PASITION POSITION SEP ROS MO, .. CODRDINATES. . .__X ¥.. _.2_ .. BIICH..... _ . YAW_ _ RGTATION.SPEED PERCENT _ SPEEQR.PERCENT _
IDEGC) [DEG} (IN, ) TANG RAD {DEG) IDEG) (DEG) (RPM) ERROR  {RPM) ERROR
A0 120,200 .. 60.900. 0.0 __ .He2 2,796 =0,3199 Ce= - PR - e m—— e e —
Se& 04304 =0.561
-0.9476 0.1615-0.2756 =59.632 =-00.328 2,780 3567l. 0.82 261T.=92402
1) 124,100 5AL300 0,0 10.3  3.3A0 0,818 ... . . ... _ __
3.5 1.096 0.120
-0.0293 0.9894 0.1424 8,189 =1.699 42,6642 3628. -—0.35 239667. 21.04
.12 123 . Cc00._ . S1.600 0.0 3.1 e —
5.3 1.217 -0.246
0.3272 0,9300-0,1674 ~10.203 19,385 13.465 3Tl4. 2.02 12824.-60.87
L1300 131,900, . 47.100 . 0.0 - lbe3 3,475 _=0.360 .. __ . e : - R
10,2 =3.640 ~0.3728
-0.48C6 0.8031-0.3522 =-23.679 =30.8%8 4,255 36Tl. Q.82 4005,=87.78
14 . 135,800 42.500 0.0 S.4_ 0.400 __0.7A87 —
3.2 =Da205 0,585
D.4228 0.8194 0.38T1 25,284 27,291 4,379 3721, 2.20 £0764.=87.57
_ .18 333,800 _37.900 _ 0.0 __ 22.2 _ 3.289  -0.T76%_ e e e e e i
5.3  0.205 1a329
-0.008) 0.9611 0.2760 16.021 =0.482 19,559 3576, =1.77 18408,.,-43,83
C_d6 143,600 _ _33.20D 0 0.0 _ 3.1 -0.144  =0,6086__ ... . _ __ - i
5.3 =0.469 1.2086
~0.1%87 0,R836 D.4241  25.639 =12.673 6.197 3765, 3.40 5832,~82.20
17 . .14T.600 . 28.700 _ Da0___ 36.3 3,583 _-—0.301_ . e e — _
5.3 ~0.94B  D.694
D+.052]1 0.9978-0,0417 =-2.396 2.988 36,487 3628, =0.35 33936. 3.55
1A 151,500 _ _24.000 __ 0.0 .. _30.2_ _3.732 _=D.154 . _ ___ - e
3,1 0.759 =0.340
-0.0871 0,9940 0,0217 1.249 =4.999 31,577 3765. 3.40 29720. -9.32
.19 _155.5GC. 19.500 __ 0.0 . ___ 3.1 0.372 _.0.110 e i e o
Se4 =0u385 =D,398
~0,0B71 0.9960 0,0217 1.249 =4.999 31,571 367i. 0.82 29720, =-9.32
20... 159,460 14.900 0C 6.2 3,390 -=D.562 . e e N . e
4.4 1.058 -D,523
-0,9028 0.1211 0.4096 72.248 -81.T73¢& 6,278 3576. -1.77 5909,~81.97
.~ 21. 163,200 - 1l0.20C 0.0 . 2221 -=3,.265. =0.,283 _ e e e e e . e
Sad  =0.540 ~D.541
-0.03563 0,9903=0.1342 -T7.716 =2.100 36.465 3671, 0.B2 24320, 4.72
22, _187.100 5.60C 0.0 10s4  _3.452  ~0.065. e e e e - S -
4o 1,067 0.833
0.2070 0,9779 06,0292 1.708  11.95G  42.823 36T1. 0.82  40304. 22.98
23 17l.000 1.000 0.0 36.5 =3a269. _=0.104 . - —. SV _ — ——
5.3 1,278 0,086
0.3544 0.5351 0,0090 0.554 20,755 25,228 3T21. 2.20 23468.-28.39
e 24~ .175.000 . 356,400 0.0 _ A.l..=0.748.__0.438 _ _ e e — e _
5.4 De624 0,651
0.06485 0.9966=0.0661 -3,793 2.80% 30,840 3576, ~la77 29026.-1l.43
_._25  178.800 351.700 . 0.0 _ 4.4 -0.820...1.081 _____ _  __. — e U S
5.3  D.608 1,202
0.0304 0.9900-0.1380 ~=7.935 1.758  53.793 3T2l. 2.20 50040, 52,69
26 182.800. 347.100. 0.0 .. . 22.2 _ 3.332 _—0.005 e e VU -
3.5 C.723 -0.869
-0.5306 0,8421 0,0965 6,535 =32,214 15.457 3619, =0,59 14721.-55.08
L 27 186.500 . 342.50C De0. . 36a1 _.3.611 _-0.9390 _ - e e e e
3.5  1.187 =0.373
-0,0115 0.9998 0.0135 0.774 =0.661 33,934 3628, =0.36 31566+ ~3.68
728 1490,500._.337.800. _ (0.0 __ 3.5 _ 1.256 04520 ... .. e P e - S S
36.5 2.310 ~-0.217
0.1346 0.9906 0,0251 1.463 7.739 41.346 367l. 0.82  38914. 18.74
_ 29 1%4.400 323.200 0.Q......3.% . Q.860. __1.0%0 . . _ . _ _— e L S .
5.3 -1.12C =-0.22% )
—0.1262 0.9821-0,1296 =8,092 =-7.322 20,860 36Tl. 0.82 15633,-40,09




FRAMF  (1.R, [.R.  BALL TG POINT MEASURED SPIN AXIS DIFECTTION SPIN AXIS SPIN AXIS  BAtL SEPARATOR BALL
—-. NO. ROSITION POSITION SEP POS MO, COORDINATES X Y z PITCH . YAM ROTATICN SPEER PERCENT SPEZED PERCENT
{DEG) {NDEG) (TN TANG RAD {DEG) (DEG) {DEG) (RPM} ERRQOR {REM} ERROR
10 198,300 378,600 0.0 3,1. .0.88& . 0,332 B} L
4o CaT25 =Ce837
0.0297 0,9A50-0,1701 -9.758 1.730 25,394 3628. -0.35 23622.,-27.92
31 202.200 223.900 0.0 6.5 34454 D.223 S , — e e e e o _
Se4  0.142 =0.549
—0.1457 0,9865=0,0754 ~4.373  -8,400 31,248 3671. 0.82 2941C.-10.26
32, 206.100. 319,300 0.0 . . 10.1 _2.995 ~0.537. .. . L e e e
3.1 0,270 1.007
-0,0336 0,5982 90,0498 24854 —1.926 32,785 36Tl. 0.82  30857. =5,85
33 210.C00. 314,700 Q.0 3.5 _=1.24T . .0.228. .__ — e . . B et e e e
34,1 -3,781 =0.283
0,0118 0.59R89-0,0446 ~2.558 0,675  33.683 36Tl. 0.82  3170l. -3.27
4 . 213.900 310,100 Q.G Sef  0.695 . _0a462 _ . ) e . ol . R e
. 3.1 ~-0.618 0,710
=0,0757 0.5940-0.C794 ~4,56€6 —4,354 20,322 3619, =0.59 19355.-40.94%
15.. 217.70C 3(05.500  0a0 C 5s% _ 0u4T4 . 0.BOL. . _ ) - o . .
16.5 3,457 0,008
0,0829 0.9963 0.0241 1.283 4,755 38,773 3678. 1.02 35653, 8.79
16 . 221,70C_.300.800 0.0 .. .3.5 .. 0a256. =1.02%_..__. . _. _ e e
5.3 0,315 1.250
0.0294 0,9378-0,3459 =20.24¢ 1.752  30.0868 3576, =-1.77 2B8299,-13,65
37 225.500 296.1Q0 ..0.D 2.2  3.338  0.680 _ .. s - . e , R ——
3.l =0.343 -0.563
-0.1677 0,9823 €,0835 4.860 -9.698 19,366 3721, 2.20 1BOl5.-45,03
38 _226.500 .291.500 . _0.0 . _36.l_ 3.792 _ ~0,195 _ . e e el el il .
1.1 0.136 =0.656
-0.2087 0.9354-0.2853 =-16.940 -12.578 121.B88 357L. 0.82 114717.250.04
19 233.400 286,900 .. 0u0___ _4a4. _-0.403 =0.948% e e O _— -
9.3 24821 =0.241
-0.0169 0.8569-0.5152 =31,0l8 =1.131 155.125 3619, =0.60 147736.350.79
40 237,200 2BZ2.30C _0.0_ _30.1  3.321 0.437 _ P i e e+ e e .
1.2 3.832 -0,539
=0.0169 G.8569-0.5152 -31.018 -l.121 155,125 3628. =0.35 144303.340,32
41 _ 241.100_ 277.600.. _0.0 5.3 _=0.450 _=0.922 o e S
6.4 34717 =0.518
0.1176 0,8179 0.5632 34,547 8.181  2B.775 3671, 0.82 27083,-17.36
42 _ 245.£00.. 273,000 _ Dafl ____4a2 24731 =Qud®% . ... . .. N —_—
3.5 =0.692 1.235
-0.0222 0,9995-0,0018 =-0.105 ~1.85%2 30,335 3628, =0.36 28218.-13,90
_43_ .269,90C 268.300 0.0 3.5 -1.117 _0.68& __ . . _ e o e _
4,4 1,154 0.6T0
0.1145 0,9922-0.0494 =2,B53 6.585  23.455 35T6. —1.T7  22075.-32+64%
L a4 252,70 2A3.600.._ 0.0 . 9.3 3.49%0 -0,70% e —
B4 0.772 0,156
=0.0072 0.9933 0.0586 3,360 =0.415 35,531 36Tl. 0.82 33442, 2.04
. _45._ . .258.600..259.000 _ Q.0 _ . 3.5 -D.B06 _=0.721 e
3.1 -0.7% 0,598
0.0222 0.9984—-040518 =2,955 1.271 29.950 3628, ~0.35 27860.-14.99
46 260C.500 . .254.300 0.0 . 3.1 =0,830 Q.147 . __ —
5.4 0,310 04856
0.0020 0,9999=0.0106 =0.605 0117  35.695 3628. -0.35 32205, 1.32
_ 4T 244,400 249.600._ 0.0 __ 3.5 _ C.5861_ -0.9823 I S
6.3 -3.700 =-0,689
0.0402 0.9948-0,0933 =5,357 2,312 34,083 3571, 0.82 32079. =2.12
48  26B,.,%00 245.000 0.0 3.5 1.076 =-0,517F
5,3 =0.627 1.177 .
- 0.0032 0.5986-0,0528 -3.029 D186 36,266 3576. =1.77 34132, 4.15
; 49 272.100 240,300 0.0 3.8 1,256 D.23% . _
ey 5.3 -1.075 0.689
= 0.,1463 0.9892 0,0083 0.480 Ba4ll  25.759 3T2Ll.  2.20 23962.-26.88




t
o
®

FRAME O0.R, TaRe BALL TO POINT MEASURED SPIN AX1S OIRECTION SPIN AXIS SPIN AXIS BALL SEPARATOR RALL
— NG, POSIYION-POSITION SER POS_ MO, - . LDORDINATES X ¥ 1. —-RIYCH- - YAW. __ ROTATION SPEED PERCENT___SPEED PERCENT .
{NEG) {DEG) (INL] TANG RAD {DEG} IDEG) {DEG) {RPM) ERRQR (RPM} ERROR
e BO 275,100 ..235.70C . .-0.0. . - _2.5 _..1.010...0.926 .. . — M
Ta2 2.831 0.511
0.0349 0.9992 0.0189 1.084 2,003 35,215 35%6., =1.77 33143, 1l.13
Bl . 279.900 . 231.000_ .0.0_ _.16.4 =3.349 _=0.590. . [
53 -0.856 =0.648
) : -D.4612 D,81T4 0,3452 22,0894 -29.415 28,864 3619, =0.60 27490.=16,12
852 233,700 _226.400_ _ 0.0 ___ID.3 =4,077 -0.%80 . _ _ [, . - L .
&.4 1.060 =0,498
0,1787 0.8149 0.5485 33,879 12.338 80.TLT 23576, =1.77 75969.131,81
CB3 . 237.500 221.7T00 . 0.0 &kl (_Z2.803 . _Q.353 L e e P
5.3 D.465 =0.942
-0.2002 0,9622 0.18486 10.860 -11.751 12.505 3721, 2420 6T444.105.80
e B4 29%.500 217,100 0.0 00 1D.4_ __2.454 0.092 —
4ot 0.58% 0.084
D.0382 0.9992-0.0154 -0,880 2,189 36.540 35Th, =1.77 35391, 4.94
55 295.,300. 212.400__.0a0 . . 9.2 3.008 =0.145___ ____  _ __ __ . . — -
Sed 0.737 0.294
040057 1.0000-0,0051 ~0.251 Q0e32S 32.526 3628, =0.35 30256a =Tab8
__ _B& _ 299,200 207.700 . _Q0a0.__._30s1 =3.298 =0.167 _ :
Sete 0,605 0.684
-0,0263 0,9954-0,0924 =5,305 -1.513 38,334 3574, -1.77 3607%. 10.09
87 .303,.000__203.000 .. 0.0 __ 3.5 _.0.100 =1.069 . _ . — -
3,1 =0.774 -0.144
-0.3%20 0,9301 90,1455 6,470 -20.728 10.631 3714, 2.02 10125.-69.10
__._S8___306.500_ 198.500 _ . 0.0 . _27.2 _ 3.350 S, I —
5s4 =0,167 0.376
0.0027 0.9792 00,2028 11.658 D.156 23,358 3419. =0.50 22245.=32,12
549 310.700 0 193,900 0.0 .__3a1 __0.015 _-0.70R _. __ e e — e [
3.5 1.214 =0.261
-D,1679 0.5783-0.1212 =T,062 -9.736 21.580 3628, =0.35 20056.=-38,00
__60 314.£00 189.200 - 0.0 _._38a5.__ 3.340 -0.115 e e — o ——— J— [
4.4 =0,577 =-0.857
0.0338 0,9991 0.0253 1.452 1.938 36,055 3628, =0.35 33539. 2.34
. bl #1A,.500. 1B84.50C 0.0. . . 4s% . 0.095 -1,043 . I, I, _ = _
543 =1,112 ~0.243
0.0314 0.9980-0.0552 =-3.168 1.802 33,803 3671, 0.082 3l1Bl5, =2.92
&2 322,400 . 179.90C. .0.0.. 2.5 . 0.260. 1.390 _. .. _ _ . __ . __ e —
3,2 0,292 0.273
0.0314 0.5980-C.0552 -3.168 1.802 33,803 3566, =2.05 32581« =0.58
_ . 83 324,100 . 175,300, 0.0 C3.5. -0.404 1.302 - - e .
5.3 -1,060 0.020
0.0037 0,9947-0.1024 ~-5.879 0.214 32,973 34628, =-0.35 30672, =b.41
. &6 _330.000_ 170.540C 0.0 3.1 0a230. _0.975 L o -
4at 1,247 0,403
0.011% D.S9B7-0.048% ~2,8(3 0.654 32.658 3671, 0.82 30737« =6.21
. _A% _ 333,800 166.000. 0a0...._3a1 _=0.224 _0.946 . . . . . N —
53 1.131 -0.390
0.0084 0.9989-0. 0467 =2.676 0.419 36,232 3535, -2.91 33704. 2.84
__ bk . 137,700, 161.200.  D.C 3.1 D604 .. 0.676 R — - _— -
5.3 1.210 0.410
-0.0521 0,.9982-0,0301 ~-1.728 —-2.99¢C 27.344 3714, 2.02 26042.=20,54%
a7 341,600 156,.70C 0.0 3.1 . -D.B04 D.241 . . . e e e o e e T
4.4 -0,.505 1,272
00230 0,5741 Q0.,224° 13,002 1.355 4,519 3628B. =0.35 4203,-87.17
. AB... A45.850L0..152.000 0.0 _ L. Bab . 3.9T76._ <0.358 — e e e —
4ok -1.0l% 0.783
-0.,2718 0.9609 0.0539 2,202 =15.794 31,233 3628, =0.35 29054.~11.35
_ &9 349.400 147.30C Q.0 . 3.1 _=0,400 _-0,5371 S _ e e
4,2 =2.T760 =-0.088 :
~0,3750 0.9215-0.1007 =-6.236 =22,146 1.209 3576. =1.77 1138.-96,53




FRAMF  0,R, (I BALL TC POINT MEASURED SPIN AXIS DIRECTION SPIN AXIS SPIN AXIS BALL SEPARATOR BALL
- NO. PRSITION ROSITICN. SEP. PAS .ND. COQORNINATES X Y z _ PITCH -YAW._ . ROYATION SPEED PERCENT . SPEED. PEACENT
{DEG) {0FG) TN} TAKG RAD {DEG) IDEG) {DEG) (RPM} ERRDR {RPM) ERRDR
70- -353.2CC 142,.60C .40 358.1. - 3.754 -0.125 R - . S e e e .
4oh  =0,959 =0,544
-0,2228 0.,9742 0.0351 2,061 -12.881 36.703 3619, -0.60 34955, 6,66
Tl 357,CCC. 13B.00C ..D.0 He2 =2.95C D.427. _ D I
4.4 =0,496 =0.551
: 0.0562 0.9933-0,063% ~3,860C 5.533 29.965 3576, ~1.717 282024=13.95
TZ? . 0.B8Q0 ..133.,300_ __ .0 __.5.3. -0.998 -0,486 A - o e e e e
3.5 c.T25 1.160
-0.1004 0.%821-0,1597 -9,.,2134 -5.835 23,083 361, D82 21725.~33.71
T3 .. 4e700.. 128,700 . 0.0 o341 _ 04837 . 0.%435_ _ e e i
b4 0.886 =0.694
0,0230 0,5983-0.0534 -3.062 1.218 33,940 3576. -1.77 31943, =2.53
—Zh . BL500 124000 0.0 __. _3.1___0.545 _ Q.733____ _.__ .. R et e e
4,2 2.720 =0.258
~0.0012 0.9995-0,0324 ~1,857 -0,071 34,723 3671, 0,82 32681 =0,28
TR _12.400 119.400 Ce0 4adl L laléS 0 De623 - . e e m e o —
10.1 3.ovo D065
-0,0242 0,5971-0.0718 -&4.,116 ~-1.388 31.249 3482. -4,35 29411,-10.26
6 144100, 1144400 CaQ 3643 _=3.495__=0.390_ el e IR I -
3.5 =-1.,1968 =0,135
0,0564 0,9922-0,1110 -6.384 3.265 35,485 3619, <0460 33795. 3,12
R &4 019,900 1104000 . 0.0~ 3.1 =0«754 . Qa%29. ... _ . _ e e e e o _
5.3 1.183 0.542
01379 0.9904% 0,0001 D.007 7.925% 15,105 3628. =0.35 14051 ,~57.13
...... TB.. _23.800 .105.30C _ 0.0 __ _. 3.4 2.725 _ Q.184 . ___ __ S
3.5 =0.120 -1.085 ;
~0,0592 0.,9752-0.42134 -12.346 ~3.473 48,368 3571. 0.B2 45523, 38,91
79, 21,106 100700 _ 0.0 2242 __330&  =0e58& —_—— .
1.5 0.533 =1.044
~0,2242 0.51B7 0.3250 19,483 -12.712 LT.0T8 3576, =1.77 16074.-50.95
B0 _ 31,500 _ _96.000. _Q.0. __ . 3.1 _-0.133_ _-f.T745. _. - e — -
4.4 =1,179 =0.193 .
0.,1734 0,9821-0,0731 4,258 10.010 31,757 3524, =3.21 302444 =7.71
Bl 35.200 . _91.30f8. 0.0 3645 35T =060 __ — —
3.1 C.350 —0.462
040779 0.9874-0,1380 -7.954 4.50% 21.849 1721, 2.20 20325.-37.98
ce-R2 L. 39.200 BHL.T00 __0.0____ 3.1  Q0.73& =Q.%L8 . ___ ..
4.4 =D.129 =1.104
=0.5645 0.2920-0,7720 -69,285 -62.,653 8.463 3576, =1.T77 T7965.-T5,70
B3 43,000 . A2.000_ 0.0 .4 =3,431 0,225 _ . . . —_ _
3.5 0.550 1.421
0.0989 0.8760 0.4720 284317 Gt 38 22,734 3576, ~-1.77 21396.=34,71
_ A4 46,800  TT.300 0 Q.0 . A5 ~0.500 _____
5.3 =-0.168 -1.0&6%
0.0446 G,9990=0,0048 -0,388 2.553 31.414 3576, ~=1.77 29586, ~9,79
—eBS_ __ S50.600  T2.600 0.0 3.5 =0.7T7T__ Q.%9h8 o e .
Seb 0407 =0.533
-0.0026 0.9%77-0.0678 -3,845 -0e147 36.682 3671, 0.82 34524, S5.3%4
e B& 4,500  £B.000 . 0.0 . . 3.5 -1.162 -
el 1.070 -0.572
-0.0156 0.9998-0,0085 =0.502 -0.896 27.197 3576, =-1.77 25597.~21.90
— 87 SALIO0 63,300 _D.0 36,5 =3,245 =-0,238 _ _ . . _.__
Jal 04447 0.743
D.1425 0,5885-0.0512 -2.967 8.204 29.487 3&6M. 0.82 27752.~-15.32
____88 __ 82,200 SE.TO0 0.0 16.5 3,417 =~0.7%6
3.5 -0.,572 -0.995
-0.1611 0.9829-06.0895 -5.205 -9.311 30.858 3628, =-0.35 28705.~-12.41
— B9 . 56,100 54,000 _ 0.0 8.} 3,612 =0.435 . ..
3.5 0.151 =1.202
0.986 -0.727 33.880 36Ti1. Q.82 31887. =-2.70

-0.0127 0.5998 Q.0172

-¢g-




-H9-

FRAME N.R, 1.R. BALL TO POINT MEASURED SPIN AXIS DIRECTION SPIN AXIS SPIN AXIS BALL SEPARATOR BALL
o NO._POSITION POSITION SEP POS_NO.. .  COORDINATES X . ¥ .. ... 71 _ PIICH. . __ __ROTAYICN SPEED PERCENT SPFED PFROENT
(DEG) {DEG) (IN.) TANG RAD {DEG) (DEG) (DEG) (RPM) ERROR (RPM}  ERROR
RN - 72 VR 10,000 —49.400- - Qo0 — 5.4 =0,192 0,817 . - -——— - [ER— - S
3,1 =0.%40 =D.574
=0.0347 0.8713 0.4895 29«2329 =2,279 6.267 3628. =0.35% 5830.=-82.21
Sl 73,600 &G.T70C 0.0 h.)l 3,700 -0,960 . . __.
10,1 =2.980 Qeléd
0.2906 0.,9540-0,C736 ~4.413 16,944 25.356 3662, 060  24439.-25.43
e B2 T, I00 40,200 0.0 36,8 . 3.927 =0.8K5 o
3,5 1.313 0.324
0.3665 0,7502-0.5504 -36.269 26.037 48,245 4108. 12,84 52157. 59.15
.93 .. _81,500_ 36,600 0.0 __43.3 _ 3.872. =0.321 — e [
5.4 -0,532 =0,379
00578 0.9169 0.3950 23,305 3.6C5 68,210 3250, =10,73 56842. Tleat
Q4 ___A5,40C.._.30.900 _ 0.0 5.3 -0,646 _-0.868 I L
Gate G870 ~0.,561
0.1242 0.9923 0.0028 0.161 T.133 24.527 3671, 0.82 230B84.-29.56
95 __ _ _B9.,300._._26.300. . 0.0 _._. 340 D712 0.631 . . ... _— __ - o
6.5 3.465 0.131
) 0.1158 0.9930-0.0234 =1.347 6+653 39,90k 3628. =0,35 3TL1T. 13.26
_ 98 . _93.200. 21.600. . 0.0_.__ 103  3.740 _=0,788 e P,
Gotr 1.258 0,363
~0.,408606 D,.B8669 0.1081 T«l06 =29,307 23,550 3671. 0.82 22165,-32,.37
IR - i 3 97.100 . 17.000. QaC. 154 _ 3.970_ =0Q.403 _ __ _. e e e e = —ama -
Fu2 2.780 -0,975
=0.0571 0.9983-0.0077 -0.445 -3,274 38,172 3671, 0,82 35926« 9462
98 _ 10l.000. 12.400. 0.0 __1643_ 3,411 =0.6644 ________ e~ —— e —
9.2 3.061 Q.328
-0.0571 0.9983=0.00T77 =0, 445 -3.274 38,172 3671, D.82 35926. Gab2
99, . 104,900 _ . T.800_ 0.0 _ __ Ge&__ Q.572 . 0649 e e e — — i -
16.5 3.53T7 -0.053
. 0.4064 0,9117 0.0613 3.849 244024 58,808 3619. =0.60 56007, 70.990
100 108. 700 3,200 D.0. sl =3,83T7 =0.322 . —_ — P e e o h e ————— —————————
Seke 0.200 0.819
0.1494 0,9398-0,30T4 -18.114 9.032 75.168 5345, 1.09 108592.125.64
~100 108,700 . . 3,200 Q.C - 6al -—3,837 -0.322__ _ - e J—— _—
S.4 0,200 0.81%
AVG. . SPEED . AVG. ABS(SPEEN _EREOR) _ AVERAGE YAW . _AVERAGE PITCH.. MEAN BALL POSITION . .. . .- [
[(RPM) [PERCENTI ({DEG. } ({DEG ) (DEG.)
SEPARATOR 3E4C.TE 1.4530
BALL 32172.52 39.3231 _ . =3.511 . =la483 Q. e S —




i v 1 SALL “OTICN DATA RENUCTIAN

-g9-

_ ] [T1 RALL MOTION TEST NR. 1-A-4  (3722/73) AFP. -1~
SHAFT RALL TYOST BALL PITCH SEPARATDR FILM ORJECT
o . REM _ DlA. NOD. nia, MEAN RAND  MAGNTFICATEION LENGTH
. RLCOC. 0.750 2 5. 5350 2.811% 12.750 34.276
FRAME  CaHe {.R. FALL TO POINT MEASURED SPIN AXIS DIRECTIGN SPIN AXIS SPIN AXIS  BALL™ ~ SEPARATOR BALL
NC. POSITICN POSITICN SEP POS ND. CONRDINATES X ¥ b4 PITCH Y AW ROTATION SPEEN PERCENT SPEED PERCENT
. a\pEEy o (GEG) S tING) TANG _ RAD _ {DEG} {DEG) (DEG) _ (RPM} ERROR _ IRPM)} ERROR
1 69.600 334,100 0.0 164  3.5%5L -0.165
— e e e —————— I . - . b:ﬁ '._2'98_5 _0953?..
TP TG 4567 0.T485-0.5809 -32.718 =31.388 32,7177 3494, -0.83  30080. -2.17
2 73,400 329.200 0.0 1t.4 -3,609 -l.l148
. 15.4 -0.532 t.iT6 _ . e . .
OTEIRE 5. 6005-0.5920 Z44.534 210568 49.449 3535. 0.32 45999, 49,60
3 77.200 324,400 0.0 12,2 -4.089 -~0.59%3
943 mO.567 1.234 .
: DIBF6T 0.5175-0IRSa2 -59.160 T 3.879 F40308 "3%94.7 -0.83 B6T21.182.04
4 81.000 319.500 0.0 7.2 3.54& -0.5562
_ I 3.5 _-2.612  Q.148 - .. _
T S L0.009% 0L8137-0.4881  =79.219  -0.556 32,840 3391, ~3.75 77 28383, -7.6%
5 84.900 314.200 0.0 30.1  3.%7T8 -0.100
. o 5,2 -l.470 0,295 ~
- - T T R T 0.0530 0.08956-0.4416 -26.268 73,385 IL.ATE 3086. -12.43° 35970. [6.99
& §571.600 309.900 0.0 16.5 =3.953 -0.258
2.4 1.482 0.390
- T T AT S YT GTBESIC0.5363 SI2RE1 T T TIC667 T TIALEISTIISOL 12.35 7 TZB5EE. -T.0F
7 92,400 305.000 0.0 5.4 3.45F -0.8B88
4.1 04720 =0.T76l
e e e T TS R e 1588 0.8AZ6S0T5436  ~Z6 B84 TOUD13 T 340830 3535, OSFF T 3051 20.500
8 $6.200 300,200 0.0 11.3 ° 32,584 -0.617
. 1,5 =2.971 -0.625
T T o A - LGV TSEE DTS TR0 4516 T =26 TTS  SI2UTsL 28,1597 3545, B Pv-Y- 151 L VD [ £ J
9  100.100 295.300 0.0 7.3 ~3,731 -0.393
2.2 -l.183 0.290

e ——r— = 1278 0CTRTU-0.68D0 T S4TL69Z TTT LR8B4 I8 33 AR CTLEI T I5019.=5L. 15"




_99-

FRAME  D.R. 1.R. RALL TO POINT MEASURED SPIN AXIS DIRECTION SPIN AXIS SPIN AXIS  QALL SEPARATOR BALL
__NC. _POSITICN POSITICM S£P PGS NO. COORNDINATES. X Y 7 PITCH YAW QOTATIDN SPEED PERCENT SPEED PERCENT
(CERY {DEC) {ING} TANG RAD (DEG} (NEG) (DEG) ~ (RPM) ERAOR  (RPM) 'ERRDR
.10 103.900 25€.400 0.0  30.1  -3.737 -0.C3%
4 -0, 764 1.751 ) T T TT
] ' “0.0376 0.9001-0.4341 =-25.T49 -2.392 49,896 3535, 0,32 46415. 50.96
— .11 107.70CG_ 285,608 _ 0.0 6.3 -2.695 -0,680 .
10.1 0.700 ~-0.90% T T T oo T T
. 0.0972 0.8856=-0.4542 -27.156 6.261  29.475 349%4. -0.83  271p4.~11.85
iz 111.500 28C.7¢0 _0.0 Bad  =3.342 -0,697 - e _
10.1 0.095 -0.720 T -, T T T
. 0.0880 0,8903~0,4468 =-26.651 S.646 30,307 3545, 0.62 27551.-10.39
_..13  _115.400 275,800 0.0 _ _11.1 =3.551 =0.849
} 10.3 -1.440 -0.211 - TtoT T oo TToTTTT T e
-0.0333 0.,B991-0.4365 =25,894 =2,121 35,695 3494, -0.83 320824, 6.75
- 14 119.200 270,900 0.0  13.1 ~-3,521 ~-Q.%854 =
405 O0.450 -1.081 T T T T m T o T T
: . N.08T0 0.8773-0.4T20 -28.281 5.666 25,875 3535, 0.32 25069.-21.72
15 123,000 26€.100 0.0 15.4 -2.823 -0.588
. T.2  3.5€5 -0.658 -t T T T cermm T T
0.0110 0.8943-0.44T4 -26.576 0.TO4  31.756 3545, 0.62 28869. =b6.11
- 16 126,900 261,200 _ 0.0 _ 2.3  3.198 -0,640 :
- G oty 0.540 =0.936  ~ ° T - om e T T T T T T T T o
~0.0402 0.8991-0.54359 =-235.866 =-2.%63 29,195 34B2. =-1.17 27477.-10.53
A7 130,600 2564400 0.0 3.5 =-0.1&6 ° 1,625 . .
; T4.4 00060 -DL 84T - T - TroTmmmm non mmmm e
0.0424 Q.H855-0.4619 -27.534 2.743  35.512 3545, 0.62 32284. 5.00
I8 134,500  251.560 0.0 6.4  3.443 =-1,060
4.3 002%0 T-0.EEE T TT T mmm T e oo s e T s - -
0.06T4 0.0915-0.4506 =-26.813 3.042  34.141 349%. =-0.83 31394, 2.11
19 138.300 246.600 0,0 1.1  3.596 =0,691
ENE e R gt 005 - o sy . e e . . e e
0.0229 D.BBT9-0.4595 =27.360 1.479 32.658 3545, D.62 29689, -3.4%
20 142,200  241.7CC 0.0 Ila4  3.345 0.156 _ o _ B ) _
- Tt e/ T _'_'f,".“j'_'zo_.'l"gf,' ) 1.'1'.?,3" T T o /o - ttTTTTTT T T _ T T
-0.0233 0.8986-0.43R2 -25.994 -l.486  30.885 3535, 0.32 28730. -6.56
21 146.000 Z23&.9C0 D0 Ha2 -0.185% -1.050 R A e N e - e e i
_ 21 1464 e T I TSRO . L
0.0778 0.2117-0.4035 =23.874 4.878  42.182 3494, -0.83 38789, 26.15
_e2 _ls9.800 222.0C0 9.0 15,2 3.5910 -9.486 = = _ — - R e et e
in.3 4.590 ~10.030
0.0103 0.9L18-0.4106 —24.242 D.645 31,971 3535, 0,32 29T40. -3.27
23 153. 600 227.200 0.0 0.1 0.120 ~0.734 - N ) o o
Y S " U 3 I BT P o | -0 T o
0.0386 0.8157-0.57Tt ~35.280 2.7t1 23.813 3586, L.78  21897.-28.78
24 157.500 222,400 4,0 10.1 -0.485 =-0.853 e e
N - S | o 3§ 1,255
0.0702 0.8968-0,%4369 =25.97%6 4,479  39.592 3494, -0.83 36406, 18.41
25 161,300 217.560 Q.0 13.3 -3.296  0.360 o _ } ) . e
e e e T R - T A
—3.6347 0.4303 0.6419 S6.l62 -55.863 19.992 349%. =0.83 18015.~41.41
26 1565.100 212.600 0.0 7.2 =3.585 ~-1.030 e e L -
R - S -5 T Y X1 i
0.,0233 0.8730-0,4871 =29.160 1.562 140.112 3535, 0.32 130337.323.90
2T 168.900 207.800 0.0 _ 5.2 -l.132 0,477 e U
3.2 C.9548 0.125
-0.0235 D.8678-0.4963 -29.766 -1.551 33,522 3494. =-0.83  30825. D25
28 172.700 202.50C 0.0 3. 0.426 0.275 . - I [ U
T T et T T FAL 24671 ~0.628
0.0164 0.8787T=0.4772 ~-28.904 1.070 32.T31 3586. 1.T7T 30070, -2.20
29 1 764600 158.100 0.0 G.3 22649 =Jd.434 . I — i e e
- e v T T T 4.4 -0.5T8 -1.0401 -
0,1099 0,9045-0,4121 =-24.499 64929 36,028 34%4, -0.83 33129, 7.75




F~

-Ag_

ERAMT
. NC.

_.3a

_31
32

33
34
35
_...38
37
.38

39

.48

_49

et
_POSITICN

(CEGH

194,400

184,300
188, 190
191.900
198,700
196, &Ju

202410

207,200

£Ml.106

214,500

218.1700

22:.700

_226.440

230,200

234,000

. 237.4900

241,790

265,500

. £95.400

252,200

Tk

LS TT Ik

(SEC)

192,2C¢

1A8.200
183,506

178.60¢

17z.700
168,960
164,300

159,309

154,460

149.500

144 . 600

135,740

134,500

130,000

125.200

L120.209 0 0

115,500

110.70y

165,309

101,000

paLL TN
SER PIIS

CING)

BIINT

N7,

4.2

MEASHR i)
COORDIMATES 4
TANS RAIS

-2.807 -0.198
2,570 0.354
-2.0519
~CoHED  0.475
Oa.316 0. 384
G.0227
-0.533  0O.162
3.186 0.438
U. 0357
-3.58682 -2.,116
0.8% =1.012
Q. 0924
-3.7¢4 =-9.389
~1.028  0.295
J.0715
-3.723 0.22%
-1.LE8 -0.070
-0.163T
502 0.920
-1.247 =0.4%0
-0,0205
DedsQd  U. 740
2.%e2 =-2.350
0.0413
-3.766 ~0.137
0.677 -i.011
-0,0147
Jda.l2l  =-0.831
T -1.283  =0.412
9.0180
0uv4l2 =0.904 -
UsGBT 0. TBE
1. 0535
3.plz D.171
0.726 1.270
0.0292
-3.472  0.385
0.315 l.i60
J.0237
3,283 0.295
-0.070 -1.030
-0.5805
2,855  =i1,504
1.433 -1.249
~Je4342
0.325 =0.745
3,545 -—0.836
09,0088
-0.325 -0.17175
Tn.868  -0V4l4
-1, 00U4
1.358 -0.GA%
3.600 0.120
g.1196
-3.681 -U.910
1.247 -0.469 7
-3.0113
-0.TB9  0.&55
-2.817 -0.252

-d.0121

SPIN AXES DIRSCTICN

Y 7

D 2R04=D.4TL5

0.8528=-0.5217

Je ?155-0.3930

O.8669=0,4953

0.8722-0.4839

B.5732-0,8029

0.9467T=0.3213

Q.00 6-0.4451

0. 8514-0.5240

0.8772-Q.47538

0.8650~-0.4990

0.8970-0.4411

0.8531=-0.5212

0.5332=-0.56155

0.4B896-0.7561

0.9092-0.4163

Qe85 4-0.5245

0.9242-0.3626

0,8560-0.516&%9

0.8468-0.5318

SPIN AX]S SPIN AX[S

PITCH
(DEG)

-28.171
-31.453
=23.234
-2%9.699
-29.021
=54 ,4 80
-18.748
—26-451
=31.407
—28.6?%
=29.9A80
-26.188
-3;:422
-49,.098
-;}.578
-24.602
-41-636
-21l.423

-31l.128

-32.130

¥Aw
(NEG)

—3.374

L.527

54347

6.100

4o B4

-15.939

-1l.241

2.644%

=0.984

L.172

3.542

1.799

1.5%1

=47.433

-41.572

0.553

~0.028

T.375

-D.758

=-0.820

BALL SEPARATOR
ROTATIGN SPEED PERCENT

(NEGY (ApM}  ERROR
3L.649 3545, D.62
ZR.T25 3535, 0.32
34.138 3494, -0.83
31.910 3494. =0.83
31.95T7T 3588, 1.77
20. L10 3494. -0.83
44,077 3576, 1. 50
31,402 3545, J.62
32.801 3464. -0.83
34,393 3494. -0.83
31,323 34%4. ~-0.B3
31.295 3586, 1.77
32,937 3494, -0.83
19.087 3535. 0.32
24.843 3545, 0.52
32.959 3535, 0.32
29.305 3535. 0.32
34.693 3545, 0.62
é;;535 ;555. 0.32
34.736 3455. ~1.96

BALL
SPEED PERCENT
[RPM) ERROR

28772, ~6.42
26721.-13.09
3L391. 2.09
29542, =4.57
29306, —4.43
1§492-—39-86
41484, 34.92
2854T. ~T.15
30162. -1.90

31626. 2.86

' 28603, ~6.32

287TT. ~b.41

30287, =1.50

1T7156.-42.25

225B4.~26.55

30660. ~0.29

2T7260.~11.34%

31539. 2.57

32123, 4.48

31578.



_ag-

FRAME  [C.F. 1.R. FALL TO POINT MEASURED
__NC., PFNSITICN POSITICN SEP POS  NO. CHIMRDINATES X Y 14
{MEG) {DEG) {IN.) TANG LYY
_ 50 ___257.000 __ 9€.000 Q.0 _ 3.1 Q.72L 0.197 -
1.2 3.778 -0.230
00,0038 0.9129-0.4081
.51 260.900_ 9%1.200 0.4 3.2 -l.0€5 | 04143 -
4,4 =-0,417 =0.8%586
0.0036 0,9129-0.4081
52 264.700 864400 0.0 3.6 -3.735 -1.196 -
.4 =0.530 0.811
: 0.0278 0.8332-0.5522
_. .53 268,500 _ 31.5C0 = 0.0 hel -007332 0 =0.631 _
haed Y .T-1.) 0.2H80
0.0287 0.9132-0.4065
_ 54 272,400 76,600 0.0 2.3 =3.037 -0.405_
6.3 -1.023 0.955
-0.0744 0,8513-0,5193
85 7716.200 71,706 0.0 _ _10.1  0.5659 =-l.131
15.4  2.924 =0.7CO
0.0R5% 0.85687-0,4880
__.. 56 280,000 e6.500 0.0 _ 9.3 2.91% -0.322 R
6.4 -3.0086 ~0L217 ’
=u.0964 0.,9171-0.3867
57 233.800 _ 62.100 0.0 10.% =0.508  0.126
12.1 =-4.083 -0.247
0.2316 D.2607-0.9372
58  287.600 57,200 _ 0.0 _10.4 -1.030 =-0.247 L
) ’ §.3  0.853  0.8a% T T e
«0.3843 0.7590-0.5256
59 291.500 52.4C0 0.0 3.5  3.110 -0.781 -
T ' TTTUUTTELY T g.450 0 04324 0 . —
0.5107 0.B359-0.2013
60  795.700  47.500 0.0 15.3 -2.51%  0.337
Y T BN D = & R ) -1 -
0. 0642 D.8L90-0,5702
61 290,100 42,600 0.0 3.2 0.320  2.323%9
) a o T TT T 4047 0J290 -0.EBET7
3.0642 0.8190-0.5702
62 202,500 371.308 0.0 3.2 -0.9L1 __2.139 L
- T T T T UUTTTRJA T R0.212 T 08T
0.0642 0.8190-0,5702
63 306.700  232.9C0 0.0 3.1 -1.269 =0.221
STUT T T ettt T U T R 00463 -00632
=0.004b D.8564-0.5163
64 310,500 ?8.1C0 0.0 4.1 -0.257 -0.58) o
SR DA TRY PY: b A D15 B - T
~0.0200 0.,A932-0.4492
&5 114,400 23.200 0.0 4.2 0,070 -1.007
TTTTTTr L T T T T TTTTEYs T =0,400 7 0,349 T
0,0061 0.9037-0.4281
66 118,200  1B.4UC 0.0 6.5 -=1.531 —0.247 B
e N T B I X ) Tt T
0.1810 0.8047-0.56%%
87 322,900 13.5C0 0.9 D.% l.148 =-0.31%
TS T o o T TBLA T T22.889 Dl427
-0.0152 0.8509-0.5252
68 375.R00 .600 0.0 10,1 =0.137 -0.757 L
— Tt Tt orm o mmmm e e T674 7 T.438 0 0.12§ 7
) —Q0.610) V.01lT6=0,.4343
_ &9 _3249.80C @,BOQ 0,0 _ .73,5 __3:151m fd:§3ﬂ
15.4 =0.911 1.200

-J.6399 0.36B9 D.67T41

PITCH
(DEG)

-Z24.087

-24.087

=33.534

=23.99%

-31.384

-29.324

=22.869

~T4.%458

=34.706

-13.539

-34.B847

~34.847

-34.847

~3l.03&

-26.695

=25.346

~35.095

-31.683
-33.786

61.310

SPIN AXIS DIRECTIAN SPIN AXIS SPIN AXIS

Y AW
(DEG)

0.229

0.229

1.912

1.802

=4.996

5.624

-6.002

41.620

~-26.8%2

31.423

4,480

4a% B0

4480
-6;305
-1.286
-_;:3$6
12.6R00
:1.021

—44 b4 0

-40,037

BALL

SEPARATOR

ROTATION SPEED PERCENT
ERRIR

(0EG]) {RPM)
30.132 ;;B;.
30.1132 ;535.
32.441 3494,
36377 3545,
24,901 3&94.
41.88B7 _3535.

_26.3T6 3;;5.
23.881 3494.
anzse 3sse

9.376 ;;42.
31.54;‘_;;45;

777;1.;4; -35;;;
31l. 546 7349;;
30.;42 3;35.

 aseors 3ses.
35.846 3535,
a3 3eses
33:2;7‘ 3;9#.

109 3s3s.

12,149 3496,

~0.83

Gab2

-0.83

0.32

0.32

-0.83

0.32

~-0.83

0.32

0.62

0.32

-0.83

-Q.84%

0.32

-0.83

BALL
SPEED PERCENT
{RPM) ERROR

2TT08, =-9.88

28029. -B.84

29830. -2.98

31253, l.&64

22897.~25.53

38965, 26.73

24537.-20.20

37936. 23.33

8722.-M.63

28678, -6.73

29345, —4.58

29007, =5.66

28411. ~Tab0

306890. D.46

13345, 8.45

22285.~27.52

30572. =-0.57

43822. 42.53

11172.-63.67
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FRAYE
NG,

70
Tl
T2 .
- 73
74
JIs
76
T7
_—— 78_
19
BO
Bl

82

Ca¥a 1.Fa. BA{t TO POINT

BESITICN POSITIGN S£P PNS N
1HEC) {DEC) (In.d

133,400 356,950 0.0 9.2
5.3
3ATen00 386,100 e 3.2
5.1
341,100 249,330 0.9 3.1
’ .1
365,003 344,400 0.0 1.2
4.4

349,700 339.50C 0.9 4t
644
252,600 334,700 0.0 4.3
£.5
396,400 325.80C 0.4 2.3
4.l
0.100 325,000 0.0 1042
13.3

_4.000 320,200 0.9 10.1
19.3
T.Bg0 315,300 Jod G4
13.5

11,200 310,500 0.C 53
R
(15,400 _305.6UL 4.0 13,1
11.2

C19.300 36C.TO0 0. 3.5
5.1

23,000 29%5.900 D0 3.2
. - o Ha4
76,900 291.000 d.0_ 3,2
404

_ . 30.700 286,200 _ 0.0 __ 3.2
ol

34.500  2A1.400 Q-0 4.l
1.1
_ 2,300 27é.6C0 0.0 1.3
114
_42.100  271.7C6 0.0 6.8
3.3
45.500 26£.900 0.0 15.3
Tt TTmm o T 6.3

MEASURED
COORDINATES X
TaNG Rif

-0.408  0.926
1.153 -0.320
-Ja31lu9
1.%27T -0.1830
-0.615  0.272
-v.0238
1.064_ 0.¢80
3,450  0.254
2.0249
-G.758 Qa 2340
T -0.2T70 -0.E72
D.024%9
-0.751 -l.14%
3,341 -0.5&5
-0,0554
~0.545 -1.001
0.948 (. l45
N.0371
~2.370  0.03%
~0.6849 =0.B84
~-.0011
0,568 0,377
3,131 04693
0.9030
0.605 =1.¥8958
0,630 "0.2L1
0.0030
~3.720 =0.9589
-1.267 0.159
-0,90957
C.7CC 14330 -
3.291  3.308
Q.8277
«3,599 =0.828
-4.004 -D.l6l
. J.B277
2.642 0.186
-0.4€64 0,259 .
=-0.022%
0.675  0D.272
0.456  -0,%28"
~0.022%
2 =0.571 0.273
T -0,085 -0,A58
-Q.0224
~1.575 -~0.318
0,641 -0,730 -
-0.0108
-0.065 =-0.537
3.514  -0.45%0
0.1917
-3,757 -0.370
3,147 .33z
-0.1136
-0+357 1.307
3.3007 0.4207
U.0135
3.802 ~-3.250
2,723 0,680

=0.6010

SPIN AXLIS DIPECTICN

Y z

U.3T0T-0.4917

D.869B-0.4929

0.9094-0.4153

UeJ074-044152

D.A879-0.4566

J.9063-0.4210

0.8330-0.5532

0.9112-0.4120

V.91L2-0.4120

0.9009-0.4233

0.1490-0.5410

0.1490-0.5410

0.8818-0.4710

0.881B~0.4710

0.8818-0.4710

0.8562-0.5155

0.8943-0.4042

0.8302-0.5458

0.8B815-0,4720

D.6T88=-0.4219

SPIN AXTIS SPIN AXIS

PITCH
(DEGH

~2%4453

-2%.539

—244544

24,544

=2T.214

=24.915

-33.590

~24.329

-24.329

~25416%

~14.600

=T4.600

-2A.109

-28.109

-28.109

-31.0%8

244321

~33.323

—28.164

-31.882

Yad
(PEGY

~U.T14

-1.571

1.571

1.571

—3.567

24342

-0.074

g.188

0,188

-6.066

T9.794%

T9.734

-14455

-l.455

-1.455

~0.720

12.101

-7.789

0.877

~41l.524%

AALL
SPEED PERCENT
(RPM} ERROR

30024. -2.35
27551.-10.39
28323, -7.88
28983, =5.74

26938.,-12.39

31181. 1.4l

29852, -2.91

2958l. ~3.79
29581. -3.79
34551. 12.37

19016.-38.15

19665.~36.04

30297, -l.46

29265. —4.82

29945, =2.61

RALL SEPARATOR
RATATION SPEED PERCENT

{DEG]  (RPM] ERROR
33.026 3636.  3.20
29,273 3482, -1.17
31.156 3546. 0,42
31,156 3442. -2.32
29.295 3586.  1.77
33.911 3494, -0.84%
31717 3482. -1.17
32.170 3586, 1.77
32,170 3494, ~0.84
35.414 331T. -5.86
21.631 2692,  4.78
21,631 3545. 0.62
32,191 34;2. “1.17
32,191 ;545. 0.62
12:191 ;535. 0.32
344605 ;535. 0.32
36,058 ;;35. 0.32
27.214 3194. ~0.83
34.579 3;;5. 0.32
20.235 13545.  0.62

32190, 4.69
33542 9.09
ESOZ;.;iB;b(
22061, 4e62

18396,.,~40,17



i [ e o o P 2 e —— e R —_—
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(o]
|
R FRAME. C.F. LI BALL YO POINT MEASURED SPIN AXIS OFRECTICN SPIN AXIS SPIN AXIS  BALL SEPARATOR AALL
____ND. POSETICN POSITIGN SEP POS  ND. COORDINATES X ¥ 1 PITCH YAM ROTATIOM SPEED PERCENT SPEED PERCENT
{NEG) (DEC) (IN,) TANG RAD {DEG) {DEG) IDEG} IRPMY  ERROR {RPM) ERROR
. 90 49.800 262.0CC 0.0 _ _L6,3  3.666 -0.417 - D, . e
0.1 0.075 =0.740 . . T T T
0.1334 0.8574-0.49T70 =-30.102 8.855% 43,882 3535. 0.32 40820. 32.76
91 53,600 257.2CC 0.0 _ 3.4 3,628  0.025 R i
Il-% =3.329 0.C50 o oo
-0.0915 0.B552-0.5102 -30.820 =-6.104 28,830 3535. 0.32 26819.~12.78
.92 57.400 252.400 _ 0.0 _ _ S,2_ 1.388 0,368 I . — .
9.3 -0.652 1.320 T
—0.0548 0.8639-0.5006 =-30.091 -3.630 34.137 3494, =-0.83 31391, 2.09
_ .93 61,200 247.500 _ 0.0 5.4 0.956 -0.292 e -
7.2 3.555 -0.802 T
0.0128 0.B950-0,4459 =26.,483 D.821 Fl.a64 3494, =0,83 28932. -5.90
94 _ 65.000 242.60C 0.0 3.2 0.865 4,170 o D, —_—
30.1 1,660 -0.255 ’ o B T T -
: 0.0067 0.9039-0.4276 =-25.317 0.426 3D.T6L  3586. 1.77  282B6. -B8.00
95 £8.900 237.300 _ 0.0 L2 =0.375  0.289
) - 4.4 =0.GT0 ~0.855 - T - Tt T -
0,0067 0.9039-0.42T6 =25.317 0.426  30.T61 3259, =T.50 3038l. -1.19
96 72.200 233,000 _ 0.0 4.4 =0.630 =-1.046 B )
l T TOTTUEWE 3.4 RL.11T T CoTr T T T e Tt T -
0.1627 D.B533-0,4953 =30.132 10.795 26.4645 3733. 5.95  23685.-22.97
. 76,400 228,20C 0.9 3,5 _-2.83%0 -0.369 . o L
T TTTTT T T 206 T S1LETL 04368 - T Tt T o T T e T T -
c0.0652 0.86T4-0.4933 ~-29.624 =4.301 37,671 3494, -0.83 34640. 12.66
a8 80.200 223,300 0.0 2.2 =0.574  0.267 . ) N ] ) N
8 S0.204 23200 Oe T orTee T e e e e S
AVG. SPEER  AVG. ABS(SPEED ERROR) AVEPAGE YAW  AVERAGE PITCH  MEAN DALL POSITION
T T imeM)y T T T T T O[PERCENT) T T UHpEG.YT T T 7T (DEG.) T T1UEG.Y T B B T -
SEPARATIR 23622, 6¢ 1.3354
) BALL 3C747.0C% 19.1031 e 0.108 _ =29.242 0.0 — B
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FRAME
NO.

U-R.
PUSITINN
(DEG)
298,000
302,200
3064500
314,950
319.350
323,600
327.850

3364300

340.550

SHAFT
RPM

12000.

1.R.

RALL
DIA.

0.750

BALL TO PCINT

POSITION SEP POS NO.

(DEG)

334.850

326.400

324,050

313,400

308,000

302.700

291,350

2B€.650

281.300

(IN.)

0.0

0.0

0.0

¢.0

0.0

0.0

43.1
43.3

433
43.5

43.5
4D.2

40,5
44,13

31.2
40.5

40,5
4423

36,5
44,3

43,3
42.3

38. 4
43.5

IT

T BALL MOTION DATA REDUCTIDN

ITI BALL MOTICN TEST NO. 1-A=5 5-30-73

TEST BALL
NC.
3
MEASURED

CODRDINATES
TANG RAD
0.246 1.454
0.741 0.397
0.138 0.656
0. 680 0. 345
0.106 0.5%94
3.41T7 =-0.403
0.602 0,671
1.499 C.077
3.583 0. 203
0.108 0.787
~0.790 0,457
0.0 1.108
3.818 -0.824
-0. 890 0. 782
1.109 =-0.113
-0.550 1,248
3.753 0. 688
1.043 =0.137

PITCH SEPARATOR FILM
D1A. MEAN RAD  MAGNEFICATION
5.6350 2.8175 12.750
SPIN AXIS DIRECTION SPIN AX[S SPIN AXIS
X Y z PITCH YAW
(DEG) {DEG)
0.0196 0.9898-0,1409 —2.099 1.122
-0.0089 0.9811-0.1933 ~-11,145 -0.520
0.0155 0.9871=0,1592 =9.162 0.83%
0.1398 0.9734-0,1815 -10.564 8.170
0.0025 0.9881-0.1536 -8.B36 0.145
0.0461 0.9841-0.1718  -9.901 2.682
-0.0175 0,9864-0.1633 -9.401 -1.01¢
0.0TLT 0.9699-0.2327 -13.485 4,230
-0.0183 0.9908-0,1340 ~T.704 -1.060

APP, — |-
OBJECT
LENGTH
34,276
BALL SEPARATCR BALL
ROTATION SPEED PERCENT SPEED PERCENT
(DEG IRPM)  ERROR {(RPM] ERRCR

38,197 5223. -1.85 %7500. 9.87
35,868 5347, (.48 44602, 3417
74,776 5309. <-0.24 46980, 8.67
27.8T1 53BA.  1.24  34128.-21.06
36,622 5360, 0.35  4978T. 15.17
36.231 5312. -0.17 45289. #.76
70.535 5295. -0.50 48199, 2.24
31.175 5312. -0.17 38988. ~9.86

37.196 5347. 0.48 46255, b.99
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FRAME OuRa T.R. BALL TO POINT MEASURED SPIN AX1S DIRECTION SPIN AXIS SPIN AXIS BALL SEPARATOR BALL
NO. POSITION POSITION SEP POS NO. COORDINATES x Y I PITCH YAW ROTATION SPEED PERCENT SPEED PERCENT
[DEG) {DEG) (INI TANG RAD {DEG) {DEG} (DEG) {RPM} ERROR (RPM} ERRCR
10 344,850 275.950 0.0Q 43.1 -0.981 l.172
43.5 0.701 0,354
. 01340 D.9820-0.1334 ~-T.T735 T.76% 28.825 5312, -0.17 36031.-16.465
11 349,100 270.600 0.0 42.4 =2,988 ~-0.571
. 43.3 =0,58% 0.420
) 0.0641 0,9T00-0.2345 =13.5%0 3.781 34,070 5258. -1.20 42149, -2.50
12 353,350 265.150 4.0 40,5 1.158 0.140
: 43.5 =0.525 0.360
~0.0698 0.9756-0.2071 ~-11.582 ~4.,090 32,955 5298. =-0C.44 420T0. -2.69
13 357.500 259.900 0.0 4443 1.449 0.152 :
44.1 3.040 =0.179
-0.,2082 0.9489-0.2370 -~14.022 -12.376 22.726 5313, -0.17 208407.=364.29
14 361.750 254.550 0.0 43,3 -0.883 =-0,745
' 4443 0.874 0.856
0.0233 0,9866=-0.1615 -3.294 1.350 34.695 5285. -0.69 43144. ~0,20
15 6.000 249,150 0.0 40.5 =0.848 0, 381
42.2 3,851 =0.722
. ~0.0741 0.9878-0.1367 ~T.880Q -4.288 37.015 5340, 0.35 46511, T.59
16 10.250 243,850 0.0 40.5 -l.162 =-0.277
44.3  =0.945 G. 720 .
0.0130 0.9956-0.0926 -5.313 Q746 34.806 5313, -0.17 4350T. O.b%
17 14.500 238.500 Q.0 36,6 4,056 =0,897
42.3 Gait 71 1.301
0.0401 0.9956-0.0818 -4 .698 2.305 36,462 5305. -0.31 4605T. b.54
18 18.700 233.200 0.0 44,1 =2.963 ~D.546
43.1 l1.189 1.033
: 0.0274 0.,9744-0.223)1 -12.894 l.610 37.004 5320. =-0.04 45778+ 5.89
19 23,000 227.800 0.0 4243 +14455 0. 462
4343 0.678 0.411
01020 0.9842-0.144% -8.359 5.914 30.B17 5333, 0.22 319133, -9.48
20 27.200 222.550 0.0 42,2 =3.763 0.151
Co 43,3 0,030 0.620
0.1906 0.9703-0.14%1 -8,735 11.112 3Z2.188 5223. ~=1.86 40027 -Ta®l
21 3l.400 217.i00 0.0 36,5 =3.765 0. 142
40.2 3.400 -0.210
-0.4611 0.8357=0.2984 =1G.648 =-28.850 28.009 5368, 0.88 35380.~18.16
22 35,650 211.850 0.0 43,3 =-1.,018 -0.188
43.6 0.353 1. 404
0.0052 D.9799-0.1995 -11.509 0.3204 31.882 5320. -0.04 39442, -B.T6&
23 39.950 20¢.450 0.0 43,5 =-0.931 ~0.212
40.5 0.535 0.630
0.0026 0.9868-0.1617 -9.304 0.150 38.279 5312. ~M.17 47849, 10.68
24 44,200 201.100 0.0 40,5 -0.202 0,737
4443 0. 794 0. B6O
0.0125 0.9784-0.2062 ~11.901 0.731 32.423% 5250. -1.35 40528, -6.25
25 4B.400 195,700 a.0 4443 -0.092 1.029
42.2 3.849% ~-0.6256
-0.021% 0.9911-0.1312 -7.538 =-1.265 35.608 5340. 0.35 44743, 3.50
26 52,650 190.400 0.0 30.4 =~3.157 Q.192
40.5 -1.208 ~-0.356 '
0.0363 0.9822-0.1845 =10.638 2-117 Tl.725 5242. =la49 45300. 4.79
27 60950 179,700 d.0 4243 -0.694 1.127
4323 1,081 =0.126
=0.0312 0.9807-0.1930 ~11.134 -1.820 A5.7T5  5409. 1.65 44487, 2.90
28 65.300 1T4.400 0.0 43.5 1,009 -Q.145
39.3 3,965 =0.650
0.0397 0.9045-0.1707 -G.834 2.307 74,689 5313. -0.17 46681. T.98
29 73.6800 162,700 0.0 43,3 =0,641 0.313 :
43.6 le362 0.828
-0.0115 0.9812-0.1925 -11.098 -0.8669 33.509 5250. ~1.35 41886e -3.11
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FRAME U.Ra T.R. BALL T POINT MEASURED SPIN AXIS DIRECTION SPIN AXIS SPIN AXIS BALL SEPARATCR BALL
NO. POSIFION PDSITION SEP POS NO. COORDINATES X Y z PITCH YAW ROTATION SPEED PERLENT SPEED PERCENT
(DEG) tDEG} (IN.] TANG RAD (DEG] (0EG) {1DEG) (RPM) ERROR (RPM]  ERRCR
3 78,000 15€,304Q 0.0 43.5 -0.592 04242
40.5 l.114 0.140
0.0445 0,9838-0,173% =-10.027 2.589 42.789 5347, 0.48 53209, 23.08
31 82,300 152,950 G.0 43.6° ~-0,801 1.177
44,3 1.435 0.151
’ 0.0073 0.9816-0,1909 =-11.004% 0.424 35.380 5277. =-0.82 44456, 2483
32 B6.500 147.400 0.0 43,5 =0.831 =-0.892
40.5 ~-0.273 0. 653
0.0508 D.9843-0,1688 -9.,723 2.95% 36.496 95347. 0.48 45384 4.58
33 90.800 142,250 a.0 40,4 -1.198 1.006
40.5 -0.879 0. 245
0.0508 0.9843-0.1688 -9.723 7.95% 3€.456 5285. =0.69 45384, 4.98
34 95.050 13¢£.850 0.0 30,3 =3.6%90 -0.162
4243 1.332 0,793
0.0873 0.9782-0.1882 -10,.891 5.100 34.356 5368. 0.88 43397, 0.38
35 99,300 131.600 0.0 29,1 -3.988 -~0,166
G4e3 -1.391 =-0.252
. 0.0213 0.9747-0.2226 ~-12.867 1.281 T13.972 53130. 0.15 46113, 6.6T
36 107.850 12€.900 0.0 43,3 Q.641 0.396
39,2 34997 ~0.497
0.0B864 0.9857-0.1450 ~8.368 £.012 39.685 5312, -0.17 49606, 14.75
37 112.100 115.550 DD 42,2 -3.76T -0.225
3.3 0.0 0.550
0.1193 0.9807-0.1546 -8.960 €.938 33.542 5271, -0.83 4214T. -2.51
38 116,300 110,200 0.0 36.5 =3.756 ~0.223
43.5 0.018 0.480
0.0757 0.9700-0.2309 -13.390 4.460 36,409 5375. 1.00 45511. 5.27
39 120.600 104.500 0.0 43.6 0.29% 1.365
' 43.3 -0.969 =-0.334
00947 0.9945=0.0649 -2.584 5.437 28.448 5285, =0D.69 35375.-1B.17
“0 l24.850 99,500 0.0 38,4 -3.590 0.518
40.5 0. 506 0.608
0.0548 0.9599-0.2T48 -15.9748 3.270 36,042 5305. =0.31 45527« 5.31
41l 129.050 94,200 0.0 40.4 -0.134 1.481
Gde3 0.752 0. 840
0.0101 0.96%6-0.2637 -15.291 0.6073 34,520 5320. -0.0% 42709, =1.22
42 133,350 88,800 a.0 44,3 -0.142 0,969
42.3 1.792 =-0.162
0.02T4 0.98B2-0.1486 -8,553 2.16%5 39,372 5340. 0.35 49473, l4.44
43 137.600 B3.500 0.0 30.3 -3.663 -0.312 .
40.5 . -1.138 ~0.474
. 0.0741 0.9805-0.1818 -~10.503 44321 3£.309 5320. -0.04 44919. 3.90
L2 141.900 T8.100 G 0 29.3 -3.583 0.346
42,3 D.283 1.283
0.0529 Q.9T4T-0.2172 -12.565 3.105 3¢6.733 5270. ~0.97 46645, T.90
45 146,050 T2.800 0.0 42.3 -0.724 1.018 R
43.3 L.144 =D.065
~0.0140 0.9782-0,2068 -11.23é ~0.821 37.803 5320. -~0.04 467566. B8.18
44 150,350 67.400 0.0 43.1 -0.083 1.380
43,5 l.048 =0.099
0.0310 0.9849-0.1703 -9.811 1.801 T6.922 5364, 0.80 4T7704. 10.35
47 159,000 5¢,700 0.0 43,3 -0.8650 0,261
43,5 ~-0.082 0.516
Q.0700 0.9705-0.2309 =13.381 4.128 28.782 5375, 1.00 35978.=16.78
48 163.300 51.400 0.0 43.5 =-0.575 0.214
40.5 l.122 0.230
0,0483 0,9842-0.1701 -9.804 2.812 42.557 5250, -l.35 53196, 13.03
49 167.500 46.000 0.0 43.6 -0.878 1.123
443 1.448 0.276
0.0134 0.9825-0.1860 =-10.721 0.782 16.04% 5375, 1.00 45055. 4.22



-bf-

FRAME O.Re TR, BALL TD POINT MEASURED SPIN AX1S DIRECTEION SPIN AXIS SPIN AXIS BALL SEPARATGR BaLL
ND. POSITION POSITION SEP POS NODa COCRDINATES X Y I PITCH YAW ROTATION SPEED PERCENT SPEED PERCENT
(DEG] {DEG) (IN.} TANG RAD {DEG) (DEG} (DEG) (RPM) ERROR {RPM¥)  ERRCR

50 171.800 4G, 700 0.0 43.5 =(.T28 =0.9450
%0.5 ~-0.312 0.672

0.9217 0.9992-0,0347 -1.990 1.243 28.343 52%2. -0.55 34884.-19.31
51 176.100 315,250 0.0 40.1 -3.1%9 0,424
40.5 -0.883 0,199

0.0694 0.9690-0.2372 -13.756 4.097 34,109 5333, 0.22 43314. 0.19
52 180,300 30.000 0.0 30.4 =-3.102 -0,201
44,3 =-1.013 0.515

. 0.1044 0.9868-0.1240 -T.160 6.038 33,101 5%03. 1.53 . 41593, =3,79

53 . 184.4600 24.750 0.0 2%9:1 =2.946 =0.489 .

43.5 0.828 -1.137

0.047T 0.9792-0.1970 -11.3T76 2.788 33,451 5312. -0.17 418l4. -3.28
54 188.850 15.400 0.0 43.3 1.063 0.112
. 43.4 2.643 -0.202

0.07T76 0.9856-0.1499 -B.648 4.503 41.423 5313, -0.17 51779, 19.77
55 192.100 14.050 0.0 42,1 =2.647 -0.172
43,2 0.610 0.517

. . 01717 0.9826-0.0711 =4.138 9.912 29.961 5381. 1.12 37065.-14.26
56 197.450 8.700 0.0 42.2 -3,708 -0.501
43.1 -1.225 0. 850

0.2068 0,9715-0.1163 -6.826 12.017 32.403 5305. -0.31 40930, =5.32
57 201.650 3.400 0.0 6.5 =-3,716 -~0.525
. 43,3 -0.712 0. 255

0.1105 0.9708-0.2128 -12.36% 62494 34,345 5312, -0.17 42931. -0.69
1] 205,900 358,050 0.0 43,3 -0.94% =0,338
40.5 1.067 0. 384

. 0.4419 0,879] 0.1787 11.488 26.68¢6 13.684 5409. 1.65 17017.-60,64
59 210.250 352,750 0.0 384 =-3.650 0.22%
43,5 =0.910 =0.343

-0.1983 0,9437-0.2648 ~-15.674 -11.8¢6 50.590 5312. -=0.17 43236, 46.28
&0 214.500 347.400 0.0 40.5 =0.300 0.710
G443 0.£13 1.015

0-0190 0.9833-0.1810 =10.429 1.107 34.797 5375. 1.00 43496, Q.61
61 218.800 342,100 0.0 40.5 -1.001 0.126
44,3 ~0.340 l.038

=0.0002 0.9939-0.1100 -6e315 =0.014 35,850 5305. -0.31 45284. 475
62 223,000 336.800 0.0 30,3 -3.682 =-0.585
40,5 =1.156 ~-0.479

0.1215 0.9806-0.1540 -8,924 Ta063 34,635 5347, Q.48 43071. =0.27
63 227.300 321.450 0.0 29.3 =3.632 0.083
44.% =1.408 -0.401

0.0076 0.976T-0.2146 =-12.295 0.44% 37.105 538l. 1.12 459D3. .18
o4 231.650 32&4.100 0.0 31.2 =3.396 0.458
: 43.3 1.039 0.106

-0.0719 0.9700-0.2324 =13.475 ~4,241 35.930 5305. =-0.31 453B6. 4.98
[:3-] 235,850 320.800 0.0 43,1 -0.281 1.453
43.5 0.980 =~0.075

0.0279 0.9857-0.1664 -9.582 1.618 35,030 5375. 1.00 45039, 4.18
66 240.150 215.500 0.0 43,3 -0.17%8 0.636
401 3.466 -0.6850

-0.0161 0.9689-0.1478 -8.458 -0.934 33,683 5354, 0. 50 414554 =4.11
- 244.500 310.100 G.0 43.5 =0,147 0. 565
40,5 1.308 -0,271

0.0163 D.98T4=-0.1571 -9.040 0944 36.T68 5333, 0.22 4668%, B8.00
1] 248.700 304.6850 0.0 43.5 -0.663 04245
40.5% 1.033 0,437

0.0639 0.9884~0.137T -TaB32 1.658 36,083 5285. -0.69 44871, 3.79
69 252,950 299.450 0.0 43.6 -1.058 1.058
4&,3 14330 0.520

0.0410 0.9840-0.1734 -9.995 2.384 1,271 5375, 1.00 39088, =9.58
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FRAME
ML .

10
Tl
12
73
T4
15
Té
"
78
79
80
8l
az
B3

84

SEPAR

O.Re
POSITIO
(DEG)
257,250
26i.550
265,850
270.050
2744350
278,600
282.900
287,100
2%1.350
295.550
299,850
3044100
312.600
316.850
324.000

AVG

ATOR ]
BALL &1

[.R. BALL TO PCINT MEASURED
N POSITION $EP POS NO. COORDINATES X
{DEG) [IN.) TANG RAD
294,150 0.0 39,3 =3,854 -0.653
40,5 -0.428 0.709
0.0697
28R.800 0.0 40.1 -3,306 0,201
40.5 -0.995 0.210D
0.6229
283,500 0.0 44,3 =1.186  0.484%
43,1 0,957 ~1.021
0.8275
27B.150 0.0 43,8 C.857 =0,991
44,1 -2.831 0.530
0.1084
272.850 0.0 42,3 ~1.073 1.01]
43,3 0.914  0.242
0.0203
267.500 0.0 42,1 -2.749 =0.390
43,3 0.404  0.628
0.0973
262,200 0.0 42.2 =3,757 -0.865
: 3.5 0,351 0,557
0.0247
256,800 0.0 43,3 =-0.B55 0,218
43,86 0.941 1.257
-0.02346
251.500 Q.0 43,3 -1.056 -~0,400
43,5 -0.B20 0.178 .
0.1262
246,150 0.0 B4 =3,7586 =0.127
43.5 -0.985 =0.428
0.0174
240,800 0.0 44,3 0.426  1.064
o 42,1  2.844 -0.191
: 0.0516
235.450 0.0 40,1 -3.39% 0.0
40,5 ~-1,085 0. 077
0.0251
224,900 0.0 29.3 -3.6T3 -0,278
42,3 -0.120 1.400
0.0437
216,550 0.0 31.2 =3,511 =0.161
43.5 1.063 =0,376
-0.115%
214,200 0.0 43,1 =D.528  l.41T
43.3 0.322 0.615
. SPEED  AVG. ABSISPEED ERRODR) AVERAGE YAW
tRPM) IPERCENT} [DEG.)
321. €3 0.6381
230.98 10.2773 3.025

SPIN AXIS OIRECTION

Y 4

0.9922-0.1035

0.7742-0.4710

0.4336-0.3326

0.9687-0.2234

0.9861-0.1650

0.9911-0.0906

0.9769=-0.2122

0.9873-0.1551

0.991% 0.0325

0.9700-0.2427

0.9879-0.1463

0.9865-0.1619

D.9794~0.1970

0.9611-0.2510

AVERAGE PITCH

{DEG.?

=10.,339

SPIN AX1S S5PIN AXIS

PITCH
{DEG)

-5.957
-31.319
=37.489
-12.989

=5.4599

-5.221
=12.254

-8.927

1.877
=14.044
~8.421

-G.319
-11.}70

-14.5638

YAW
{GEG)

£,027

26,644

62,627

c.38a?

1.177

5.609

1.451

=-2.008

Ta254

1.020

7s991

1.458

2.552

-6.851

{DEG.Y

0.0

BALL SFPARATCR
ROTATION SPEED PERCENT
(DEG} (RFM}  ERROR
37.487 5347. 0.48
20.808 5375. 1.0}
11.177 5277. =-0.8B3
32.759 5375, 1.00
35.458 5313. ~0.17
32.329 -5375. 1.00
3E.515 5250. ~-1.35
37.304 5340, 0.35
23.120 5277. =0.B3
38,077 5347, 0.48
36,679 5313. ~0.17
T2,651 5354, 0.61
40,356 5312. -0.17
33,435 5242, -1.4%

MEAN BALL PDSITION

BALL
SPEED

(RPM} ERRCR

466164 T.B3
26010.-39.83
14044 .-6Ta51
40998. ~5.17
44324, 2,51
40411, -6.52
48144, 11.36
46875, B.%3
29052.-32.80
47350, 9.523
45849, 4.06
45766-l 5.86
?0445- l6.69

42233, -2.31

PERCENT
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> ‘ ) I T 1 BALL MOTION DATA REDUCTION
- o TrTiomrs mTes emm— = T UBALD MOTTON TEST NO.TIEATET 555=T3 APP—=t~
SHAFT BALL TEST BALL PITCH SEPARATOR FIL™ DBJECT
— —ReH T EIR. T U MAL T TTUDIAS T T NEAN WAD  WAGNTFICATTON  LENGTH
2000, 0.0 3 5.6350 2.8175 12.750 34.276
FRAME  OC.R. 1.R. BALL TO POINT  MEASURED SPIN AX1S OLRECTION SPIN AXIS SPIN AXIS  SALL SEPARATOR BALL
NO. POSITION POSITION SEP POS ND.  COORDINATES X ¥ z PLTCH YAW  ROTATION SPEED PERCENT SPEED PERCENT
T IDEGY ~~ 1DEGY — VIN.T 7 TANG  RAD T —IDEGY  TOEGF ~ IUEGY

1 149.400 72,650 0.0 _ 36.5 0.916 -0.068

CTTTRELT T O ZL.989T T OEE T T B )
0.0316 0.9308-0.3640 =-21.360 1.942 33.910 5i98. <-1l.34 43521.~37.85

2 153.450 68.35%0 0.0 2% 0.04%% La&72

36.5 =0.05%0 0. 271
0.0316 0.9308=0.3640 =21.360 1.942 33.910 5326. 1.09 4352L.~3T7.85

12.228 =-30.2T7T9 162.287 5270. 0.02 20607B.194.31

3 157.600 63,150 0.0 43,1 =3.046 D.536
- ST - 35,1 1.297 -0.&0E T T
-0.4956 0.B488 0.1840

4 161.750 57.850 0.0 42,4 =2.563 =0.270 -

T 3523 -UL 2T 0. 765
=D.4222 D.B921-0.1608 ~10.220 -25.325 18.469 5242. -0.50 23329.~66.68

5 165,900 52,500 0.0 _ 42.2 - =2,951 -0.152

TTTT36,.3 TT=0L853 —0.035 - - ) -
=0.7567 0.6507-0.0641 5,627 =49.308 122,625 5234. =-0.86 156543.123.56

6 170.0400 47.200 0.0 4242 =-3.925 -0.770
e £ 1o ) P & B B - N -
-0.0030 0.9904~0.1382 ~T.944 -0.174 50,968 5538. S5.12 62730.-10.41

T 174,500 41.950 0,0 _ 35.2 ~1.100 1,568

T T UIELE T O LLIGRD T0.29R ) o -
-0.02356 0.9363-0,3557 =~20.841 “le447 37.941 49B4%. =5.41 49759.~28.94

8 178,300 36,600 0.0 35.2 =2.565 0.422
S { Y-S P O ) o -
-0.0094 0,9434-0,3315 -19,362 -0.570 35,199 5020, =4&.T1 43101.~38.45

9 182.400 30.900 Of, 35,3 =2.797 -0,292

T6.2 <1 085 “O. 861"~ 7
0.0606 0.9215-0.3836 =-22.601 3.764 35.342 5497. 4.34 47336.~32.33
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__ _FRAME CaRa T.P. SALL TC POINT MEASURFD SPIN AXIS DIRECTION SPIN AXIS SOIN AXTS ALL SEPARATQR AALL
NDO. PASITICN POSITICM SEP POS N, CNORDINATES X ¥ 7 SITEH Y AW anTATION SPEED PERCENT SPEED PERCENT
{DECH {CES) {INL) TANG Aan tNEG) (DEG) tNEG) (RERM) ERRNR (RPM)  ERROR
10 186,500 26,050 3.0 3.4 -1.017 0.248
42.4 ?2.806 -0,618
-0.0125 0.9398-0.3414 =~19.962 -0.7563 32.692 5362, 1.76 41734,-40,40
11 190.700 2C.25G a0 3.1 -2,.576  Q.l76 - C
3546 -l.442 0.570
: ~0.93306 (0.2335 0.2716 49,314 =175,957 58,733 4827, -8.39 TET49, 12.44
12 194,300 t5.500 0.0 ABL2  =3,.769 =0,.3T72 ' ‘
36.3 0.730 ~1.019
~0.T4l8 0.4733-0.4701 =-44.50T7 -57.1R6 98,065 5662, To46 1206964 T2.37
13 198,900 1n.350 0.0 43,4 =3,939 -0,0642 : T
36.9 -0,7LA 0. 064
042882 0.9056-0.3111 =-18.956 17.651 30.626 5206. ~-1.1l8 3809La—4%. 45
14 203,000 5.000 0.0 43,1 -~3,.457 -0.657 . ‘ - R —
36.5 -1.339 -0.630
0.0355 0.8923-0.4501 -26.770 2.279 16.454 5362, 1.76  44536,-33,5%
15 207,200 359,800 0.0 4242 -2.766 0,362 : T
34.2 0.111 1.423
0.0245 0.9401-0.3402 =-19.892 1.490 3%5.804 5319. 0.95%  46449.-33.67
16 211.300 354,650 0.0 12.2 -3.880 =0.0T73 T ) : o T T T T
3T.2 2,7€3 J.061
0.1417 0.08868-0.4399 -26.383 9,080 34,559 5215, =1.02 43425.,~3T7.98
17 215,450 349,250 "7 0.0 38.1 7 3,158 =4 066 T ’ ’ - T T s s T T oT T
34,2 =Z2.%32 ~0.211
-0.0408 0.9328-0.358] -21.001 -2.507 11,860 5390. 2.31 40889.-41.60
18 7 219.650 344.1C0 ~ Q.0 = 35,17 =2.937 -0.647 Tt ) Tt TmTmmTm T T T e e e e T E—
36.2 0.524 0.T32
0.0631 0.927T1-0.3695 -21.731 3.895 34,415 5242. =0.50 43473.-37.91
19 223,8C0 338.750 0.0 7 "35.2 =2.8986 SQ,&69 7T T T o TT Tt TTTTTTmTTITIIT s s s m e e
36.4 0. 386 0.592
~0.0435 0.9607-0.2742 =~15.931 -2.593 39.533 5355. 1.63 51010.~27.15
20 227.650 332,600 0.0° ~3T.Z -3.149 "0.39% TUTT o T o mmr e m T s T e e e
36.2 ~-1.702 -D.032
0.2188 0.9021-0.3718 =-22.400 13.635% 30.144 S5179. ~l.70 36QTT4=45.62
21 232.050 328,200 8.0 3tea =3.631 T=0029177 T TTTTTT Tommmmmo o mmmmmm e T e e I - -
36.4 =-l.61% =-0.382
0,0663 0.9175-0,3922 -23.144 4,126 69,808 5244, ~-0.47 4491 6.,-35,85
22 260200 '311.7040 0.0 TIETS T S0LATT T aLEZe T T T T T T e e -
34,2 2,740 -0.710
0,2653 0,9102-0,.3180 =-19.255 16,251 21.07T6 5290. 0.41 2719%5.-61.16
23 T7244.300 312,500 0 G0 7T T43LTTT=3ASY TSO0LMAT T T T T T T T e e T
35.1 2,870 0,038
—0s6941 0+7059 0.1407 L1275 —444518 166.123 5347, 1.49 206576.195.02
34777747600 CI0TIIST ULU RZ.Y 4,048 0,416 oo
36.3 =-0,390 -0,796
-0.7263 0.6T66-0.1211 -10.1468 =-47.031 50.145 S198, =-1.35% 64357, -8,09
TUT28 TT2S2.6507FO1L850 T 0.0 T 34.1 ~1.025 1.253 T T T T T —
: 6.3 =0.639 =l.148
~0.3256 0.4289-0,9426 -63,024 -37,204 29,651 5340. 1.36 3T7258.~46.79
TTTTZE T 256,500 296.550° 0.0 O 35.3 U.HBT  1.6560° : T
3.1 1,822 -0.655
~0.0557 0.9654-0.254T ~—14.779 ~3.301 36,147 5226. -0.81 46642.~33.39
- 27 T ZA0.450 T 290,300 7 0.0 TTUIRLT TEILEYE CCSOUErFT T T o e -
35.1 -2.807 -0.105
0.0825 0.9043-0.4189 =24.854 5.210 33.852 5340, la36  42537.,-39.25%
T 28 265.2007 286,000 0.0 I5.7 -2. 1583 0,176 T
6.4 0.733 0.548
0.0147 0.9269-0.3750 -22.028 0.910 39,273 S5326. 1.09 50403.~28.02
YA 2L L P 1 I 1o 19 :Eo fo B o T JO T T s PR Y: - o PR ¢ . St -
36.6 D.T17 1.057
0.,0938 0,9355-0.3407 -20,013 5.729 30.774 5152, -2.22 3B669.-44.78




_al_-

FRAME 0.R. I.R. BALL TO POINT MEASURED SPIN AXTS DIRECTION SPIN AXIS SPIN AXIS BALL SEPARATOR BALL
NO. FOSITICN POSITION SEP POS ™ 'NO.  COORDINATES ~ "% — ° ¥ — ' "7 FITCH T ¥AW T THOTATION SPEED PERCENT SPEED PERCENT
{DEG) (DEG) (IN.) TANG fAD IDEG) (DEG) (DEG} (RP"} ERROR [RPM)} ERROR
T TR0 T ZTI.450 27€.350 0.0 AT.I T-3.86% T <0.108 h o T ) o T/ B T T
37.2 -3.516 =-0.937
. 0.0938 0.9355-0,3407 -20.013 5.729 30.TT4 5254, -=0.28 39923.-42.98
31T TIFIS500 270.150 T 0.0 0 3.1 =3.725 -0.603F R Tt T T -
. 36.5 C.810 0.1086
—0.4631 0.8139-0.3509 -23,320 =-29.63T7 140.283 5319. 0.95 181994,159.91
32 Z8i.600 Z65.000 0.0 25.3 7 0.603 -0.850 T
. 34,1 =3.785 =1.332
. 0.1809 0.4875-0.8542 ~-60.286 20.364 119.592 5234, -0.66 152668.118.03
"33 S2@5.700 2%59.T00 0.0 T 4%.3 -3,.89T7  O0.&¥ T T T T T T o TTw
36.5 =-1.029 =0.163
0.170L 0.8872-0.4289 -25.799 10.855 33,483 5290. 041 43205.~38.30
AL T789.800 C254.500 0O.LO 374 =2.6200 -0.71593 — T
. 34.2 0.989 1.279 L ,
0.0240 0.937T7-0.346T =-20.290 L.468 35,372 5234, =~0.866  45156.—-35.51
T TEE TAIG00 " ¥49.200 0.0 &2.2 =1.063  -0.320 77 T T
35.3 2-131 0.245
. 0.0636 0.,9420=-0.332T —19.450 2.652 69,297 5284, 0.29  44115.,-37.00
T TTae 3000 238.6507 090 34.tr -3.595  0.0BB T -
38. 3.857 -0.087
=0.1407 0.8570-0,4957T -~30.048 -9,322 23.607 5368. 1.89 2991%.~5T7.41
T 3T 306,450 T ¥3T.400 0.0 35,2 O.0&D 0. 12T T T T -
36.4 0.993 0.39&
0.0267 0.9373-0.3475 -20.341 L.631 38.6T6 5189, ~1.51 50175.-28.34
38 310,450 228,150 T 0.0 38.27 -1.Z19 0.348
36.4 =0.089 0.601
. 0.0604 0.9490-0.3128 -18.241 2.%41 34,724 5270. 0.02 44094.-37.03
CCIgT IR 00 222.850° 0.0 T I.T S3LA04 =0.375 T T —
3.6 ~-0,278 1.092
0.0793 0.,9215-0.3803 -22.425 4.920 33,991 5262. =~0.13 43624.=-37.70
T TR0 T3ILE.T00 217-600 T ULO T IML.T =3.600  0L.O0TSTT T T T T -
36.5 1.068 -0.110
0.0165 0.9127T=0.4084 ~-24.108 1.035 70.387 S270. 0.02 44690.-36.18
T &L T IIT.O00 207.000 0.0 MY ISAST O OLIRE T
§2.2 0.230 2.041
-D.04T6 08317 0.5532 33,633 -3.274% 23.523 5319. 0.95 3051 T.-56.42
427 TFIT.T60 Z0L.85Q 0.0 38,7 -0.189 SO0.TIT -
35,2 3.079 -1.084
=0,6833 0.6199~0.4494 =35.940 —46.062 21.007 5277. 0.17 26396.-62.30
TT TR TUSISLCION 198,500 0.0 T w207 SZ.910 O.20r T T T T
34.2 -0.135 1.382
0.,0023 0.9040-0.42T7T5 -25.306 Ou.l%4 40.239 5254. ~0.28 52202.=25.45
T %4 TTTINLIS0 I9IL.300 0.0 3T.A  3.803 -0.822 -
37.3 3.950 0.099
0,0023 0.9040-0.4275 -25.306 0. 144 40.23% S242. =-0.50 50828.~27.4%1
%% 343,500 185.950 0.0  3%.1 -3.3T0° O.565 -
35.2 ~=0.76% 1.681
0.0250 0.8531-0.5211 -31.419 1.678 28.789 525&4. =0.28 3T73I48.-4b6.66
TTTT%6 3R T.550 I80.T50 0.0 0 36.2 0.46% U0.8956 )
3b.% 1.322 0.129
o -0.0172 0.9566-0.2909 -16.912 ~-1.030 37.211 5312, 0.83  46513.-33.57
T 47 EBT.600 ITS.E00 0.0 T I5.F =2.690 7 0.067 I
36.2 ~-0.815 0.570 )
‘ 0.,07T3 0.9401-0.3321 -19.458 &4.699 33.744 5189, -1.51 43TT6.~3T.48
38~ 355,800 170.150 O©O.C IT.Z -3.203 0. 193
36.4 ~0.865 0,371
-0.0096 0.9399-0.3412 -19.951 -0.584 15,560 5290. 041 458083.,~34.47
T 497 T 384,900 164.950° TO0  3T.3 =3.BBY  SLLOFR - T T U T T T T — - . -
a7.4 =-3,704 -0.535
-0.,0094 0.9399=-0.3412 -19.951 ~0.584% 35,560 SkTO. =1.87 45395.~35.17
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FRAME 0. R, T.P. RALL TO POINT MEASYURED SPIN AXIS DIRSCTION SPIN AXIS SPIN AXIS RALL SEPARATOR AALL

NC.  PRSITION POSITICM SEP 2OS NN, CANRDIMATES X Y 2 PITCH YAW ROTATIOMN SPEED PERCENT SPCED PERCENT
(CEGY {DER) (1IN, TANG RAD [DEG] (DEG) {DER) [RPM} ERRORA [RPM} ERROR
50 2.950 1S5.ACC 0.0 B2 -A.TE2 ~0.428

36.5 0.435 0.201
=0.7575 046012 0.2546 22949 =51.564 108.115 5390. 2.31 138758. 98.17
51 2. 150 154.450 0.0 43.4 -3.8%0 0. 445 ’
6.3 0.045 ~C.775
~0.6041 0.7496-0.2706 ~19.846 -38.8&6 147,958 5198, =1.34 1896893.1T71.19

52 12.200 149,.1%70 0.0 43.1 =3.309 -0,267
3645 ~1.280 =-0.4437

0.0L07 0.9219-0.3874 =-22.791 0. 664 36,036 5298, 0.55 46003 ,-34.30
53 16,350 143.900 9.0 4243 -4,0F) -0.682

36.1 0.&19 =0.228
-0.2L63 0.B785-0,4259 -25.861 ~13.834% 60.903 5106, =-3.08 T7748. 11.04
64 20,350 133.5C4 Q.0 3z2.2 -3, 167 -0.387
34.2 =1.143 1.094
01946 D.7606=-0.6193 -39,153 14.347 T4.806 5326, 1.0% 96007. 3T.11
55 24.5040  133.300 0.0 35.2 =2.902 =0.195 - " : :
34,2 -0.813 =0.504
0.4521 0,5691-0.56868 =-50.35T A8, 466 23,852 S5270. Q.02 30268B8.~56.T4
56 28.6£50 128,000 0.0 34,1 -3.675 -0.796 : o T - - T
35,1 -2.787 =0.326
0.0012 0.8598-0,5105 =-30.700 0.082 32.990 5283, Qs 26 43030.-38.55
57 32,700 122.850 0.0 36.2 =0.428  0.697 T R o TR - b s
6.4 d.4611 Q.522
=0.0025 0.9408-0.3389 -19.813 =-0.15%3 37.338 5250. -0.3% 466T3.~33.34%
5d 36,900 117.450 3.0 356.2 =1.%027 ¢.473 o ' ' Tt T T - o T
36.6 0.573 1.045
0.0728 0,9391-0.3358 -19.478 4.430 30.475 5290, 0.41 39323,-43,84%
59 41,000 112.250 8.0 A7.4 TS3.54R O Q.147° - : - . A S JRLEeTY
6% ~14457 -0.172
0.2112 0.9004-0.3803 =22,900 1L3.202 32.194 Si6i. =2,04 4154 1-40.47
&0 45,000 106,550 3.0 7T 3BIFC =F.590 0 0.7243 7 ) Tt ) ’ T oot T T T T - -
32.2 31.976 0.143
0.0149% 0.9920 0.1257
61 49,150 101.850 ° 0.0 365,57 ~0.245 T TV218 o Tt o T
6.3 0.523 -Q,857
~0.3637 0.8726 0.2260 20.484 =22.623 140,491 5187. =1.54 175614.150,.80
62 53.300 96.400 0.0 B3.1 3,223 7T 0331 T T T T T T T T T T e e e e e e
36.9% -l.110 -0.268
~0.5057 0.8611-0.052¢ =3.492 ~30.426 9A,.7TB3 5254. -0.20 128152. 83.02
ey 57.350 g1.200 0.0 "42:2”‘-2:3??4":U16ﬂ3""""__"'”""_'"__“_“77"7447”7 Tt T -
6.3 =0,.303 -0.817
—0.4020 0.TTT5-0.10820 =13.175 =-27.749 177.432 S5298. 0,59 226508.223.48
&4 T ALJ500 TTBSL9507TTUL0 T 272 =3 I08 —0.519 T T o T ) T
35,2 -0.T7T10 ~l.245
~0.5247 0. TEL4=0.3T48 =26.120 =34.5%656 41.520 5270. 0.02 T8120. 11.57

Ts223 0.835 123.127 5384. 2.18 159732.128.12

865 7 69.650 BOLESU ~ 0.0 T3ITL.2T CIL93I2 T ~1.266
35.1 =1.3%92 1.365
=0,0051 0.9370-0.3492 -20.440 ~0.310 37.870 5290. Oe41 49864.~30.21
T TTEET T BYLTS0 T75.450 0.0 3%.1T -3.605 -0.188 -
35.1 -2.668 0.1%0
0.0303 0.9040-0.4264 ~-25.249 1.916 35.801 5124, -2.T% £6548.-33,52
6T TIILTOD TICLLISY TOLOTT 35,2 T =Z.BI3UUONIEeET T T T - T T
36.2 ~D.0B% 0.743
0.0754 0.9205-0.3835 -22.617 %.686 32.031 5340, 1.36 4024%.~42.52
TTTT6E UTT7.950 &4 LAS0TT 0.0 T5.37 =Z.84% =0.583 : ’ -
36.4 -0.182 0.556 .

) =0.1369 0.8700-0.4736 -2B.554 -B.94% 53.528 5170. -1.87 68333. -2.41
TT76F T 82,0000 T59.500 0 0.0 37,3 =RL.I00 0,084 o
36.4 =1.203 0.106

~0.0997 0.9794-0.1T756 <~-10.167 -5,811 28.194% 5326, 1.09 36185.-48,32
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FRAME O.R. 1.R. BALL TO POINT MEASURED SPIN AXIS DIRECTIGN SPIN AXIS SPIN AXIS BALL SEPARATOR BALL
NC. FOSITION POSITION SEP POS  NO. CODRDINATES ~ ~~ X~ 7 ¥ 7 “PITCH VAW ~ ROTATION SPEED PERCENT SPEED PERUENT
{DEG) (DEC) (IN.} TANG RAD IDEG) (DEG) {DEG) {RPM} ERRDR (RPM} ERROR

TFO  Bs.150 54.7607 0.0 37.4 —=3.645
§2.2 3.084 0.0
-0.9793 0.1059 0.1723 $B.436 ~83,830 60.060 5262. =—0.13 T7083. 10.08
1 90I250  %9.050 0.0 T 3.2 -3.7109 -1.28Z T o -
. 36.3 -0.688 -0.950
=0.08151 D.2547-0.5203 ~-63.915 ~T72.645 B2.440 5326, 1.09 105806. 51.11

12 94,400 %3.6%0 0.0 43.% ~4,000 =0.490
. 36.5 -0.872 -0.083 .
) —17.664 T.239 33.948 5254. -0.28 44040.-37.10

0.1202 0.9459-0.3012
TUTTY U7 98.450° T 3EL650 (0.0 43T =1.%07 -1.07% — ""
: 42.6 =2.542 -0.14%

0.3307 0.8814=0.3373 =20.939 20.568 29.148 5277. 0.17 36626.-47.69
— T4 T I07.650  3¥.A00 0.0 &42.2 -2.905 0,080
. 35.3 2,889 -0.176
' 0.2816 0.9054=0.31T76
TeYETT 106,00 28.000 T 0.0 32.2 =3.920 <0097 T S
37.2  3.268  0.323
-0.2616 0,8420-0.4T718 -29.261 ~-17.260 27.583 5326. 1.09 35#00.-#9.&4

-19.329 17.275 28.498 5198, ~-1.34 36575.~4T.T7

-1 II0.ES0 22,8007 0.0 35.2 -0.B09 L. &R0
3442 -2.5%9 =0.528
0.0396 0.9450-0.3247 -18.951 2.397 32.954 5270, 0.02 41847.~40.2%
T CTITS.000 115500 0.0 7 35,1 SZBAE SULYAS -

36.2 0.326 0.726

0.0454 0.9079-0.4168 -24.658 2.865 36.978 5368, 1.89 46709.~33.29
TTTOYE T IN9.25%0  12.250 0.0 35.2 -Z.910 =0,.992
35.3 -2.689 =-0.118

0.0454 0,90T9-0.4168 -24.658 2. 865 36,978 S5124. ~2.74% 47971.-31.49

TUTTTY 23,2007 TTEVSS0 T 0.0 IT-7 =3.296 ~O+II1
36.6 0.058 1.102
=-0.0757 0.9496=-0.3041 ~-17.755 =4+ 560 39,207 5290. 0.41 50590.-27.75

‘807 127.30 - G.0 37.4 =-3.67% -0.5675
38.1 ~3.452 0.498
-0,0757 D.9496=-0.3041 -17.755 ~4.560 39.207 S5270. 0.02 497856.~28.90
B1 T rILL450 356,450 0.0 382 -3, 150 -U.586 i
424 0.679 1.423
=0.1596 0.9696 0.1856 10.836 -9.348 173.428 5298. 0.55 221397.216.19
T OTB27 135.600 3512200 0.0 © 38,5 -0.889 =0.TB&
36.3 0.386 =0.780
-0.5033 0.8422 0.1932 12.921 =30.863 146.308 5270. 0.02 135787.1565.33
- B3 I39.750 T ¥4GLI00 D0 T TRILT O SEAARE USRI T
36+5 =1.351 -0.704

0.2652 0.8561-0.4435 -27.385 17.212 31.511 5326. 1.09 4048 3.~42.24
T U8E T T§3.900 3E0LT00 T 0.0 aZ.2 -2.159 0. 489
A5.3 ¢ Z2.998 -0.703

-0.0820 0.8892-0.4502 -26.0854 =5.272 31.358 S5242. -0.51 39610,=43. 43

TT@5 1485050 7350350 UL 3.2 3447V <ULl
3743 3.972 -0.636
-0.0820 0.8892-0.4502 -26.85% -5.272 31,358 5262. -0ul3  40246.-42.52

1] 1521507 320,100 0407 7 35,37 O.838 7 1.56E3
38.1 3.809 -0.380
0.049] 0.9280-0.3692 -21.694% 3.031 33.089 5362, 1.77 4224).~39.67
T BT OTI5E.350 32509007 T 0.0 T 35.F -Z.8%52 SDLARTTT T -
3644 1.557 =0.,090
-0.0866 0.3165-0.3906 -23.083 -~5.400 42.11T 5215. <-1.02 52923.-2442
88 160,500 TI4.500 T UL0 7 35,2 -2.858 -00EBZT T
36.2 =0.545 0.671

o 0.0926 0.9328-0.3483 =20.473 5.679  33.860 5388. 1.50 44165.~36.93
B9 IEET 600 TITE400° 020 UITST S OIT U-S582 - — - :
36,4 =-0.614 0.472

0__-_2'_!_2___0_._9!_57-0.3778 -22.420 8.519 3L.221 5198. =-1.35 40069.~42.78
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FRAME C.H,

T.P.

‘NO. T POSTYICN POSETIDN SEP pDS

(DEG) {CEG)
90 168.£50 305.100
‘91" 172.75C 303.900
92 " 176.550 2%8.600
93 181.000 292,350
- 947 185.200 238.05C
95 189.300 282.850
96 193.400 277.500
AVG. SPEED
tapM}
SEFARATOR 268,71
BALL TD0Z1.25

BALL TO POINT MEASHRED
ND. COORDINATES X
{INL} TANG RAD
0.0 37.3 -3.A81 =0.504
36.6 =-0.900 0. 8340
0.05%3
0.0 32.2 3.910 0.328 '
3645 0.678 0. 165
-0.0193
0.0 34.1 3.792 -1.0724
42.7 1.135 1.947
0.0429
4.0 3648 -l.lll ~0.3217
35.1 2.937 -0.213
=0.6704
0.0 42.3 7 =4.023 -D.1I0D°
26.3 -0.418 -0.790
=0.5681
0.0 42.2 -3.121 -0.660 '
37.2 -3.5E81 -0.857
0.03713
0.0 38.1 3.851° -1.034 77 7°
27.4 3.657 14660
APG. ABSISPEED ERROR) AVFRAGE VAW
{PERCENT] {0EG. )
1.2591
‘57.884072 ~T.514

SPIN AXIS DIRECTION

Y z

0.8913-0. 4501
0.9378-0.34638
0.9477-0.3163
Q.T282 0.1426
0.7300 0.3800

0.9887=-0,1451

AVERAGE PITCH
(DEG.}

-17.508

{DEG)

26,796

=20.295
=18.45%
11.081

27.502

-8,350

SPIN AXIS SPIN AXIS
TPITCHTT T

{DEG}

3.5%0

-1.121

—42.632

-3T.8921

2,591

21563

BALL

{DEG) (RPM]

33.416 5290.

35,350 5305,

.33:085 5228,

165.297  5305.

161.437

5206.

SEPARATOR

YAW T T ROTATIDN 'SPEED PERCENT ~SPEED” PERTENT

BALL
EARAR  (RPM)  ERROR
.61  45699.-38.7¢
(0.69  44652.-36.23
-0.81  45271.-35.35
0.69 208795.198.19

Ou4l 213380.20k.?ﬁiﬁ )

-1l.18 Z205003.192.77

MEEN BALT POSITIONT ©~ 7~
{DEG.}

Q.0
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Ball Motion Printout for Tests

IB-1 through IB-4
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CHAETYT BRALL
APy nlA.
£0n0, n.750

IHCZ51 ] $23T NERATIVE ARRUUMENT==0,464024EF 04

TRACEBACK ROUTINE

SORT
CMYR T
MATN

ENTRY POINT=

CALLED FANM TSN

onan

D1OsSE4R

STANDARD FIXUP TAKEM , EXECUTION CONTINUTNG

IHC2081 IRCIM - PROGIAM INTFRRUPT (P}

FRACEBACK RDUTINE
CREPNY
PELAY
MATN

ENTRY POINT=

STANDARD FIXUP TAKEN ,

IHCZ708F IBLIM = PROGRAM TNTERRUPT {FP)

TRACEBACK ROUTINE
CRSODT
RELAV
MATN

ENTRY POINT=

STANDARD FIXuP TAKEN ,

THC2DB1 IBCIM — PROGRAM INTERRUPT (M)

TRACEBACK ROMTINE
VMAG
RELAY

MATN

CALLED FRNM TSN

0ngs

010 %55EL0

CALLED FROM TSN

0005

01055€48

CALLED FROM ISN

0006

EXECUTTON CONTINUTNG

FXECUTION CONTINUING

I T ¥ BALL MDTION DATA REDUCTION
171 RALL MOTINN TFST N, 1-R-) 2-21-72 APP -1 -
TEST Ball PITCH SERADATOR LM NRJECT
NO. NTA,. MEAN RAD MAGNTFICATTION | FNGTH
3 5.6350 ?LALTS 12.750 RELLZTE
REG, V& REG. 1F RFG. o REG. 1
F?205A40R 00062 ERQ Qno5rt10 0005A304
FZ0ES0RD 002% A230 00088110 0d05620C
00015354 DIOESELR FDOOC00R O0DORETFA
-  UNDERFLDW LN PSW IS FETSO0OONO20SSCIC .‘qﬁGISTFP CONTATNED FRI10OAA&GS200000D0
PFG, 14 RFGe 15 REGS Q REGa 1
E?05ALR2 J0D59RL R 00056L6R DOQBAS3C
62059194 0005 ALCE 00056468 oas62F0
0NNy 5254 D1055E4 D Fooooans O0OBETFS
- UNDFRFLOW 0LD PSW 1S FFYSOOODA2059C30 . REGISTER CONTAINED TAlOE 546040000000
RFG., 14 REG. 15 FEG. ¢} REG. 1
620F ARB2 0005981R 00056468 0005A53C
52059194 noos A4CAH 00056468 000562F0
DON15354 01055F4R FDOQO008 DOOBETFH
i
= UNDERFLOW OLD PSW IS FFT5000062059FC& ., REGISTER CONTAINED 60600815683 080400
REG. 14 REG. 1F REG. 1] REG. 1
62054600 000%9FDA 00056 468 0005A548
62059194 0005 A4CE 00056458 DOOSE2FO
00015354 01055F48 FOOOG Q08 DOOBETFS
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ENTRY POIMT= 010FSF49

STANDARD FIXiP TBKEN , EXECUTIAN CONTINUING

THC2511 SQ3T NFGATIVE ARGUMENT=-0,590785RF 21

TRACEBACK RDUTINE CALLED FROM [SN  REG, 14
SORT . aon2 E20%A408
CMVRT £2059098
MATHN 00015154
ENTRY POINT= Q1055E48
STANDARD FIXUP TAKFN , FXECUTION CONTINUTNG
FRAME QR 1.2, sALL Th POINT MEASU
NO. POSITION POSITIAN SEP POS NG craanT
{DEG) {DEG {TN.Y TANG
1 242,950 207.200 Q.0 W4%,1 =7,882
16,1 -0,408
2 245.600 ?202.900 0.0 22.1 -2,751
15,2 -0.728
3 250,200 198,450 Q.0 16,2 -1,131
35,3 1.128
4 253.950 194,250 0.0 23,1 =2,164
15,2 -1,314
5 257.600 18%.900 0,0 25.1 -3.764
35,2 -0,775
6 261,300 185.500 0.0 37.3 3.499
25,31 -1,182
T 264,300 181.200 0.0 18,1 -3,789
15,1 7.001
B 268.600 176.850 0.0 16,6 -3,351
36,1 =-0.295
9 272.200 172.500 0.0 36,5 =2.034
16,1 -0.843

REG. 15 REG. 0 REGS 1
Qap&2Faq 0DONSAT10 0DDSA3IDSG
onnsAZ0 000591140 0005620C
01055E48 FDODO00R 00O0ARETFB
RED SPIN AXTS DIRECTION SPIN AXIS SPIN AXIS RALL SEPARATOR
MATES x Y T PITCH ¥AW ROTATION SPEED PERCENT
RAD {0EGY {DEG) MEGE (RPM]) ERRNOR
Do bé6
-1.130
=0.417B 0.87394 D.34TE 224402 -26.45% 18.909 1836. Q.46
-0.825
0. 912
~0.3808 0.9067 0.1R15 11.320 -22,781 63,33 1814, ~0.56%
0.3%7
-0.7E0
N.0650 D.,9977=0.01856 =1.068 3,725 31.520 1860. 1.72
-0.720
Dutlh
0,2500 0.9664 D,0599 1,545 14.506 27.294 1825, =0.19
~0.827
=1.091
~0.3792 0.4175 0.A270 63,456 -42.51F 5.902 182T7. -0.07
=0.583
-0,926
=0.01731 D.9976-0.0678 =3.889 ~0., 752 124,634 1823, -~-0,30
=0, 944
-0.120
0.0288 0.9315-0.1250 -T+287 l.662 4. 612 1838, 0. 55
=0.618
G963
0.148% D,9864-0,0700 —4,058 B.582 30,733 1B811s =0.93
0,246
0,520
0,247 0,9619=0,0690 -4.101 15.385 27.036 1863, 1.91

BALL

SPEED PERCENT

(RPM}  ERRDR

9514,.-53,07
11231, 54.07
1606] +=20.77

1364T,.=32,6R

291 5.-85.62
63105.211.30
17199.-15.1¢
15463.-23,72

13434,-23.73
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FRAME JeRs T.rR. AALL TN PATMT MEASHRED SPIN AXTIS DIPECTION SPIN AXIS SPIN AXIS BALL SEPARATN® BaLlL
NT. PISITION R2SITINN SEP POS WO, CTNRNTNATES X Y 7 PITCH YaW ROTATION SPEED PEPCENT  SPEED PERCENT
(DEG) INEG) (TN, TANG R Al (NEGY [PEMY {NEGH {RPM)  EPPROR (RPM) ERRCR

10 275.950 £R. 200 n.0 &2.2 +2.R78B 0,223
6.1 =1.022  ~-0u.10?

N,4719 0,5544=-0.4B55 =51,039 L0409 TZ.0%9 1797, -1.¢0 E106, 69, 8P
11 2792500 YAT ARD N.0 42,7 —4.708 ~0,656
/el ~0.B5F =0, 731

-0.1744 D,9R095-0,04695 -4.074% =7.27%8 £0.476 1816, -N.EB 266BT . 4fa47
12 283,200 18C,400 0.0 4,1 -2.,°18 0. 257
15,2 =0.13R 1.735

—0.7%40 (0,8055=-0.3259 =3R,T96 ~LL,A07 1.023 1825, =0.19 51Y.-97,48
132 7864850 1FF,080 0.0 72,1 -7.711 =1.027
15.*  -0.097 1.416

0.0770 0.9046-0.419% -24,869 b4, 8R7 52.175 1B23. -0.30 26417, 30.77
T4 290,450 TE0,7E0 N0 35,2 =1.760 0,216
6.1 0,794 =0.%%0

) -0,0790 0.9%5&6-0.0506 -2.9048 b P4 24,062 18049, =-1,0¢ 125R0,~22,68
i5 294,000 1464450 0.0 23,1 =3,208 -1,0%¢
25,2 =1.237 -0.571

D.0BIB G.997R=0.0726 ~4.179 4,B1R 1,972 TRe1., 1.91 1%R57.-21. Tk
16 287,750 142,150 1.9 37,1 =67 0,479
A5, 1,468 0,523

0,007 0.%ARR=0,.1492 -A.579 Da&ls 73,813 1811. -0.93 103, -156.07
17 305,250 127,800 0.0 37.% =7.F1a -0, RTA
7.6 =3,568 ~0.122

0.007)1 D.99RE-0.1492 ~-R.579 D.&)L 23.813 YV B3T, Gets® 17012,.-14.00F
18 305.000 '?3,.500 0.0 6.7 0.115 {1e 982
24,1 2.871 0ut®1

DeBé44s 0,50724=0,01091 -2.175 Re,A%8 2,704 1811, =-0.93 12427 .~38.68
19 305.560N 129,180 0.0 by b =T,2T78  =~0.BTH
6.1 =0.278 ~0.B857%

042367 0,970 4-0.0355% -2.1%1 12.5p2 2%.400 1825, -0.IR 14700.-2T.48
2o 302,250 24,P00 [1 a4 -3, AR0 Dy LBE
36.% -2.11D -=0,067

0.0160 0.9918-0.1271 —T.304 0.92% Ah,288 1002, -1.42 16902.-16422
2l 315.9090 120,350 0.0 42.2 -7,906 =0,07%
16,1  =0.431 1.821

0.016% 0.9780-0,20R0 =-12.009 0.2T1 13,398 1786, -2.31 16804,-17,10
22 319.450 115,950 G.0 A5, 2 Db bF 1.110
T3 2.698 -0.214

-0.95604 040598 0.2720 TT608 =B6,400 27.5983 1850, T.18 132992,-30,98
23 323.150 111.6%0 0.0 ,1 ~7.,°77 -0,047
35,2 ~0,318 <~1.102

~0.582B 0 T6TZ2~D.267T =19,233% =27,223 47,572 179%. ~1.83 22364, 10.23
24 3262650 107,350 0,0 3542 -0a952 Qs 691
35.3 =0,2T0 1.341

0.0680 0.99359=0.N601 -2.455 2,906 31,247 1823, -0.30 15821.~21.95
25 330,250 107,050 0.0 23.1 =227 0510
3%.3 =1.015 0. 897

~0.0068 0.9710-0,2790 -13,.826 -0.398 33,604 1825. -0.19 16802.~1T.11
25 333,900 98,700 0.0 6.1 la161 =0,403
42.2 3.825 -l.11%

0.0202 0.9899-0.,1402 ~8,0%9 1169 33,405 1836, Q. kb 146808,-17.09
27 337.550 Q4,400 0.0 ELPY 1,056 0. 205
3542 -D.635. =1.345

0.3238 D,.9372 D.1296 T«875 19.059 3%,52% 1800, =~1.55 17762.-12.38
28 341.150 90,000 0.0 LTS 0.5687 D577
ELTS 0,299 =-1.014

0.2928 0,7554~0,.5857 <~217.7R%8 21 .255 12,615 1850, 1.78 6208, -58.08
29 344,850 AG. 700 0.0 Vbe e —2u645  -0a12D
34,1 0.296 0. 725

0.462% D,8863-0.0776 -1.782 2T.54R 23,470 1811, -0,93 11809.-41.75



[
m:
P

FRAME
ND,

30

31

32

33

34

35

EL-]

a7

38

9

40

41

&2

43

4h

45

46

47

48

49

DeRe ToR.  RALL TD
POSITION POSITION SEP POS
{DEG}  (DEG} (18,0
348,450  B1.350 0,0
352,050  T7.000 0.0
355,700 72,650 0.0
359,300  68.750 0.0
2.950 64,000 0.0
5.900 59.650 0.0
10,050  $5.200 0.0
13,700 50.900 0.0
17.300 66,650 0.0
21.000 42.400 0.0
24.700 37.950 0.0
28,200 33.700 0.0
31.800 29.100 0.0
35,300 25.000 0.0
39,000 20.650 0.0
42,600 16,700 0.0
46,200 12,000 0.0
49,800  7.750 0.0
53.400  3.450 0.0
57,000 259.100 0.0

POTNT
ND.

6.1
5.2

16,5
3641

42,2
35.1

35.1
-0.7

22.1
3,1

5.2
35,3

23.1
15,3

25.1
25,3

37.1
37.2

38,1
3&.1

6.6
36.1

35,2
23.1

2.4
15.5

6.1
35,2

35,2
35.13

22.1
316.1

35.3
6.6

?3.1
5,2

35,3
36.1

37.1
IT.2

MEASURED SPIN AXIS DIRECTION SPIN AXI1S
CONRDINATES X ¥ 2 PITCH
TANG RAD (DEG)

-0.592 0.711
1.200 =0,692
0.2202 Q,9601-0.1T725 -10.185
-2.091 -0Q.%3%
-0,96} 0.150
0.0124 0.9966-0,1020 -5.911
-3,866 =0.469
-0,571 1,561
0.0126 D.99646-0.1030 -5.911
0.0 35,100
0.0 =0.995 :
-0,3996 0.026]1 0.0070 15.127
-3, 851 0.272
-2.95%0 =-0,351
~0,32354 0,0212-0.4617 =29.,342
-0.271 0.575
=0.254 1.188&
0,0222 0.99B89-D,0401 =-2.300
-3,238 D.16&2
-1.090 0.782
D.3641 0,93846-0.0241 =1.468
-3, 790 0,348
=1.,410 =0.039
0.,0107 0.9857-0,167% =-9,66%
-3,646 —0.3%66
-2. 768 0.100
0.0633 0,9301-0,12564 -7,221
-3,868 0.259
0.b24 0. 180
D.1527 0.,9799-0.1285 =T TO
-3.%30  0.426 .
0.0 0.916
«0,0452 0.97642-0,2211 =12.787
1.37% ~0,565
3,215 ~1.346
0.0745 0,9940-0.07099 =4,597
-3,866 ~=0,282
-2,011 -0.661
0.04T1 0.9789-0.1989 -11,4R8
~0.994 ~0.496
D.952 0. 801
: -0.0137 0,9862-0,1652 ~9,513
0.244 1e1%8
1.244 0. 9413
“0.0137 D.IR62-0.1652 -9,5113
-3,822 0,034
-1.802 ~0,245
=0.0919 0,8643-0.4%456 =29,TB0
-0.497 1.225
3,445 0.367
00,0649 0.9969-D,0441 ~2.536
=3,279 =0.,079
~1.30T =0.28S
0.0473 0,9005-0,.1915 =11.052
-l.481 -0,18%
1.1%7T -0.2T1
~0.4856 0.8502 00,2035 13,441
=-0.363 =0,5T1
-2.857 -0.119
-0.,51346 0,8205-0,2%09 ~1T.006

SPIN AXTS
YhW
{DEG)

12,016

D.727

0.727

=8E£,507

-22.217

1'?75

20,131

0,623

3a661

8,856

“2.659

4,311

2.T57

=0.795

-0.795

-6, 069

3,724

2,528

-29.735

=32.048

RALL SEPARATOR

ROTATION SPEEN PFRCENT
(DEG)  (RPM)} FPROR
16,767 1811, -0.91
33,722 182%. ~0.18
33,732 16823. -0.31
168,929 1B25, <-0.1B
61,287 1616 -11,.59
36,786 1930.  5.57
26,118 1836 0.44
4,634 1836, 0,33
33,564 1862, 1.82
31,607 18l6. ~-0.48
14,256 1806, ~-1.20
33,774 1800, -1.5%
33,743 1795, =1.83
29,195 1839. 0,55
29,195 1811. =0.93
54,570 1823, =-0.71
34,593 183, 0,33
33.966 1823, -0.31
171.042 1811. =0.93
125,480 1823, -0.31°

BALL
SPEEN PFRCENT
(rROM)  FRROR

416, -58,38
16866.-16480
17080,-15, T4
B4462,316.66
335082« 65466
17110.=15.59
13141, -35.17
17648.-12.96

16889.-16.569

15511.-23.48
17581,-12.78
16887.-156,.,69
17304, -16,64
14507.—28.4?
14689.~27+54%
27630, 26,30
1762713404
17198.-15.16
86057.326.52

63538.213.42



FRAME DeRa Talte

_eig..

BALL TN DAINT MEASJREN SPITN AXTS DIRECTION SPIN AXNTS SPTN AXES RALL SEPARATNR BALL
NO. PISITINN POSITION SEP ONAS N0 CANRDIMATES X Y ! PITCH YhuW RRATATION SPECN DERCENT  SPEED PERCENT
[NEG) {DFGY {INL} TANG AN (REG] (NEG) (NEG) (RPM} ERFDR {RPM)  ERROR
50 60,600 384,700 0.0 24,1 3.031  -0.537
6.1 0. 4TR 0.726
~D,%07T0 D0,9113 0.0627 1,934 ~24,0609 TT.488 1800, -1.5% AqT46, 1.1
51 &6.,200  3FQ.400 0. 0 Aheh  ~04.242 d. 180
1ha1 -0.,109 0.837
. BetD65h .2BR23-0,R6F% -71,5607 ELS-Ta T.505 17197, =-1.&9 Ar00.-81.25
52 6T T30 T46,05N 0.0 26, K -2,94R 0. 9032
26,1 -0.204 0.563
0,197T GL9T12-0,1275 =T.47T8 17,498 17,150 1848, 1,00 16TA5.-17.20
52 Tle.400 241,800 0.0 42,2 =1,T1? 0,847
6.2 1.730 0.1F1
“0.T736 D,6750-0,07R72 ~6het11 =aT, R 47,166 1F11. -0497 21518. 6.1%
L T5.000 ?2727,4%0 Ja 0 42,7 =-31,H28 «0,985
3I6.1 -0.812 1.7#80
: 0,304% 0,95723~0,0727 =1.215 17,7711 27.6FC 1795, -1.83 14780.-30.0%
55 T5.500 27,180 (L] 161 —0.,665  -1,13}
2.1 =T1.4R6 0. 598
0.3063 0,9523-0,0227 -1,225% 17121 ?7.650 1852, 1,29 17684, -37, 648
56 47,250 378,900 N0 22.7 G PHR  wEkkAkk '
’ 22.1 -3.P8% -0,0869
: 0.8625 D.5059~0,007% =0e413 0,612 121,317 1809, ~-1.D6 E1A1G,204.956
57 B5,B0N 224,500 0.0 24,1 =3,8R4 -0, 822 ’
5.7 -1.044 0.408
02560 0,9615=0,10M -54941 14,000 10,931 1825, -0.1° 15465.=23, 71
58 89.450 220,750 0.0 234! =2,295 =0,19%
AT, =1,206 0.5%4
0.9490 0.127R-0,2900 ~AE.923 B?.FA4 ABha6 1797, =1,69 17947, =11.46
59 93.000 ?15,R00 .0 7841  =3,FR7  ~0.063 \
I6e? -1.056 =-1.,057
05568 0,830&6 0,077 1e184 1,043 2T.154 1827, Na&® 17667 ,-32.60
&0 9B.650 T11.500 0.0 27,1 =3,59T7  =0.4091
ATe2 ~P.THE  ~0.184
04,0665 0,9ATH=0,1422 -8,192 2.8%6 32,527 184R, 1,08 1637 he=16,26
al 100,300 307,250 0.1 2R.Y  =2.847 =0.080
36.1 0.576 0.722
=0.2706 0.2673=D.BBOT -pT.5T74 ~-3¢,72) 6. BRD  1BA2. ta22 A4466.=02,90
62 194.000 302,000 0.0 36,6 ~1.247 1.690
36,6 -2.530 -0.580
-0,3458 0,93659=0,0511 =3,135 =~20.75% A&, IR0 1B36, 0.6 42461,114.,40
63 107.650 298,700 0.0 16,5 -2.P17 0. 879
15,1 1297 1.161
0.,0%25 0,9A93=0,1354 =T.814 2,03¢& 31.629 1860, 1.77 16117.-20.49
b4 111.300 294,500 0.0 42,4 =3.R63 -0,505
36.1 =0.953 0.028
=0,2620 0.2707 0.035] TLI9T =Te,?Ré 69,417 1850, l.18 34708, T1.22
&5 115.000 250,700 0.0 42.2 =3.357 =0.,926
0.0 0.0 0.0
~0.9028 0.1829=0,3892 ~-54.834 -TO.ER0 108,882 1823, -0.71 5512304171496
[:1-3 118,600 285,900 0.0 15,72 0,269 1.082
35,3 l.204 Ge 12
=0.3495 0,4895 0.1969 21,914 =-40,050 £.010 1885, .12 2553,-87.41
67 122,300 291,750 0.0 22.1 -3.772 0. 067
35.2 =0.250 0.97%
0.5506 0.B451-0.28R0 -18.B1A 28,058 41,206 18756, Qs 4t 207TB%. 2.52
68 125.950 277.450 N.0 24,1 -3.,850 -0.709
35.3 -0.250 l.224
041195 Da.982b6-0.1422 -B.224 69722 32.T44 18BT2. 2.37 16792.-17.17
49 129,600 273.300 0.0 23.1 =3.,209 ~0.033
5.2 =1.169% =0,240
0.0943 0.9922-0.0011 -4 6TH Sab 31 31.402 16850. 1.149 15801.-22.05



-06-

FRAME OaRe TeRa BALL TOD PNINT MEASURED SPIN AX1S DIRECTION SPIN AXIS SPIN AXIS BALL SEPARATOR BALL
NO. POISITIDN POSTTION SEP POS  NO. CONRDINATES X ¥ z PITCH YAuW ROTATION SPEED PFRCENT  SPEED PERCENT
(DEG) (DEG) (ING) TANG RAD {DEG} {DEG) [DEG) (RPM} ERROR (RPM)  ERROR
T0 132,300 269,000 0.0 25,1 =3.790 0.133
15,3 -1.271  -0,097
0.0044 0,9909-0,1348 -7.T49 0,257 33,779 1846, 0.97 17322.-14.55
T 136,900 764,800 0.0 3T -3,.549 =0.472
37. -2.725 0. 037
. 0,3088 0,1518-0.2888 -68.6T3 80,58 13,995 1863, 1,92 6954, -65.69
T2 140,650 260,500 0.0 3.1 0.620 0. 782
1643 0.365 1.850
. 0.3239 0.1935 0,.9261 78,200 59,150 S.T65 1825, =0.19 2882,-85.T@
73 144.300 254,150 0.0 366 -3.318 0.256
. LY. 0.057 0.907 .
0.0622 0,9828-0.1T7T40 ~-10.040 Q.624 33,957 1858, 1.43 17526.-13.54
14 147.900 252.000 0.0 36,1 -—0.530 0. 649
15,2 1,455 -0.57%
' 0.829T7 0.4312-0.3545 =39.428 62,529 6.709 1B21. =0.%2 3440,-03.03
7% 151.450 247,750 0.0 36,5 =2.932 ~-0.609
15.2 1.496 0. 066
~0.5550 0.T4208=0.3T45 26,759 =-26,.764 11.332 1862. 1.R82 5702.-T1.8B7
T4 155.150 2432.500 0.0 35,1 =-0.565 1.517 .
5.2 1.723 D.114
0.0075 0,9931-0.1167 -6.702 Q.85 3B.444 1B25. -0.18 19222, =5.18
17 158.800 229,150 0.0 35.2 0,287 1.173
15.3 1.2R6 0. 976
- 0.0075 0.,9931-0.1167 -6.T02 Da.a35 18,444 1BT72. 2.38 19715. =-2.75
T8 162.450 235,000 0.0 34,1 -2.894 -0.377
22.1 -3.719 0.1
-0.6992 D,6177-0,3599 =30.220 ~-48,547 144.888 1800. =1.55 T2444.257.38
19 166,050 220,600 0.0 24,1, =3,869 -0.685
35.2 -0.945 0.624
. 0.2818 0.9561-0.0T79% -4.TT9 16,424 29.468 1840, 1.72 15016.-25.93
80 169.700 226,400 0.0 23,1 =3,222 0.230 . '
35,3 ~1.051 0. 882 ’
0.2471 0.9591=-0.1382 -8.201 14,447 2Z.210 1836, De.b4 11175, ~44,B7
81 173.350 222,100 0.0 35.2 =1.024 =D.T96
35,3 ~-l.28% 0.121
=0,0341 0.9922~0.1202 =-6.913 =1.969 44,469 1B4B. 1.08 22516. 11.07
82 177.000 217.850 0.0 37,2 =2.7T91 0. 200
36.1 1.104 0.379
0.1972 0,9052-0.3765 =-22.581 12.287 13.T18 1811, -0.93 37091. A2.97
83 180,400 213,500 0.0 22.2 4.32% -0.,912
3441 3.068 ~0.74%
' 0.9230 0,3695-0.1070 -16.153 68,182 38.968 1823, =-0.31 19730. -2.57
B4 184,200 209.200 0.0 6.6 3,283 0.47% .
35.2 0.945 ~1.274
=0.,0836 0.9996-0.1173 -6.761 -4 4,820 33,354 1B4b. 0.97 17105.-15.62
85 1867.800 205,000 0.0 6.6 -3,120 ~-1.268
‘ 6.1 ~0.561 0. 751
0.1824 0,9806-0.0720 -4.198 10.537 30.744 1786, =2.31 15469.=23.89
as& 191.350 200.500 c.0 36.5 =2.996 ~0.413
36,1 -0.E72 0. 248
0.2601 0.9653-0.0234 =1.3%0 15.079 26.951 1836, [« L 13560.-33.11
ar 195.000 196.300 0.0 42.2 -—3.833 -0,472
36.1 ~0.942 -0.378 . . ..
0.0429 0.96812-0.1883 -10.861 2,502 3,965 1836, Oy 44 16083.~20.46
88 198.650 192.000 0.0 35,2 0.473 1.196
. 35,3 1.352 0. 878
: 0.0429 0.9812-0,1B83 <-10.0861 2.502 31.965 1846, 0.97 16392.~19.13
89 202.250 187.800 0.0 22.2 =k 263 ~0.287
- 34,1 ~2.911 -0.149 - X
~0.8638 0.3698-0,3420 =&2.763 -66,8232 39.77TT 1836, Duded 20013. -1.27



-16-

FRAME DNl T.R, AALL TN POINT WMEASHRED SATN AXTS PERECTION SPTM AXIS SPTN AXTS RALL SEPARATOR RALL
NO. PISITINM BOSTFION SERP PRS NO, LOARNDTINATES X Y 7 PITCH VAW BOTATINN SOEFMR: PFROENT  SPEED PEECENT
(DEG) {NER) (TN,) TANG R AN TDEG) (AER [NER) (PPM)  FREQP tepM}  ERRNP
20 205.900 182,500 n,o 7&4e1  =7,907  -0.193
15,3 0,240 1,400
NL2726R B.,9730=0.013 —Ne8&N 13,110 0,27 1822, -0, 18784, 24,75
91 209.500 175,700 D.N 1.4 -4,217 -0.715
5,7 =1,7'0 Q. 0LG
0.1174 0,9900=0.0779 —h,607 [ 13,790 1AL, D. 07 1ARTE  =1T7,.05
932 213.100 175,000 0,0 25,1 =2,684 0.£77
35,7 -1.403 0,205
=0.0'75 0,%87A-0,17B5 =1N.29A ~1.070 25,065 18309, n. 5% 174264,-14,05
g3 216.800 170,650 0.0 7.1 -1,458 -D,070
37.2 =2.905 0,358
-0,0175 D,3R38=0,%TAT =10.294 -1,070 AELN65 1PRP1,  =N.43 1TGEP.-11.29
4 220,350 166,500 0.0 AT.4 =1, 4R0 -0,483
15,1 Q.77 0.911
Q2671 Q.FRL88 D,T167 8,007 22.50F 6,901 YEA0. Tu.72 18803, =~T.24
95 224,000 TRZ,700 0.0 3156, 0,116 1,004
2,1 N, 298 0.2R%
—0L1B17? 0.7520 06217 19,211 -13.,77F8 NE,695 1823, =D, 53t 4,184,000
36 22T.600 1TRI,Q00 0.0 AR, F =T TLR 0. 852
36,1 =0.547 0, 825
03709 D,AQL]-0 ,2R&) =17,815 PPaTED T4,T3T 1876, [P TL15 =53 ,47
97 231.25%0 153,400 0,0 2h,5 =2,02 -0.1093
25,72 T, e5t 0,112
=01 B5T 0,9742-D.1F1L =-B.0c51 —Q, k5T 46,165 1R2:. -0,2] 22362. 10.3
98 234,850 149,300 0.0 42,2 -1,84%  =0,167
6,1 =-0.°58 =D,247 .
0.0%046 0,9R41=0.17C20 =10.0%4 1.7R72 33,135 1809, -1.04 1ABEG . =16.7T1
99 23B8.400 145,000 0.D a5, ? 0.282 1.215
14,1 -0.7R&4  -0.TBD
D.0RZ5 (1,9935 0,0787 4,501 4,749 21.928 1R27, -0.31 171037,-65,23
100 242,000 14C.700 0.0 14,1 2,845 0.075%
35,2 ~0,272 1.278 .
~0,8008 0.4852=0.75146 -325,924 -S5R.780 0,480 1823, -0.31 243 .=9R.80
101 24%5.600 176,400 0.0 72.1 =3.E583 -=1.474
8.2 -0.912 D. 848
Da3ARB Q.BG64=0,2%79 =15,787 272011 44,857 18K0. 1.72 22A62. 12.78
102 243,250 132,200 0.0 15,2  -1.0%1 t.031
16,5 3.065 -0,897
-0,.2822 0.95%2=),0159 -0.948 =1g,202 20.62% 1814, ~0.80 10250.=49.42
1023 252.900 127.B00D 0.0 k.1 &9 -0.320
4Z.% 3.958 0. 203
AVG,., SPEED AVG. ABS{SPEED ERRDR) AVERAGE YAW AVFRAGE PITCH MEAN BALL PNSTTINN
(RPM) {PERCENT!} (DEG.} {DEG.) (DEGL)
SEPARATOR 1R20, 137 1. 0927
BALL 2027T1.19 4B.6T47 0.1109 ~B.104 Q.0



FRAME
NO,

1

SHAFT
oM
4000,
OeRe 1.7,
PISITINN POSTITION SEP POS
{DEG) (DEG)
30,650 16,200
34,000 11.950
37.350 1,750
60,800 3.650
44,200 359.350
47,700 355,000
51,150 350,750
54,600 346,900
58.050 342,200

BALL TO POINTY

(TN.)

Q.0

0.0

0.0

0.0

0.0

0.0

BALL
DILA,

0.750

NM.

17.1
543

16.1
1&.2

15,1,

13.2

14,5
13,1

12.2
11.5

23.1
12.4

24.1
3.6

I T I PBALL MOTTION DAT & REDUCTION
ITT BALL MOTION TEST NO. 1-8-2 APF -2
TEST BALL PITCH SEPARATOR FILM OBJECTY
NO. D1A. MEAM RAD MAGNEFICATION LENGTH
3 5.6350 2.8175 12.750 34,276
ME AS URED SPIN AXIS DIRECTION SPIN AXIS SPIN AXIS BALL SEPARATOR
COORDINATES X Y 7 PITCH YAW ROTATION SPEED PERCENT
TANG RAD {DER) (DEGE {DEG) (RPM} ERROR
~4.,019 0.297
~0.,679 =-0.,128
0.1043 0,8270-0.5524 <—23.742 7.184 26.915 1763. -1l.12
~3. 873 -0.087
-1.298 0,378
0.05%6 0.8116-0,5811 =35.402 4,201 20,623 175, -0.47
=-3,187 -0.584
~1.031 -0.340
0.0796 0.8157=-0.5730 -25.087 5.5TE 26,777 1828. 2.51
-3,524 =-0.381 .
=1.729 =04416
0.0986 0.7796-0.6184 =3B8,421 T.211 27.2% 1766, -0.95
-1.6%6 =—0a345
0,708 1.207
~0,0284 0,8B44~0.4560 =2T.784 ~1.841 28,723 1783, 0.02
-4.,007 =-0.483
~2,T24 =0.930
0.0366 0.9199-0,5714 ~-24,872 2.556 29,411 1792. 0.51
=-2.47T5 0.102
-0.337 0. 306
=0.5327 0.2085-0,8202 -T5.734 -68.620 19.504 1890. 4.01
=0,210 -~0.614%
0.197 1. 070
~0.0367 0.9772-0,.20900 -12.070 =-2.151 50,314 167. =5.04
=-3,393 -0,305
-0,802 ~0,433
0.0736 0.8222-0.5645 <=34.4T74 S.112 78.692 176% -0.78

BALL
SPEED PERCENT
{RPM)  ERROR

151664 —%.43

15165 2.31
14187, =4.29
14158. —6.48
14636, =1.26
15278. 3.08
10587 .-27.90
2459 . 556,60

14714, =0.73



_Es_

FRAME O.R., T 2. RALL TD POINT MEASURED SPIN AXIS DIRECTION SPIN AXTS SPIN AXIS BALL SEPARATOR BALL
NA. POSITION POS.TINN SFP PGS ND, COORDINATES X ¥ L4 PITCH Yiw ROTATION SPEED PERCENY SPEED PERCENT
tDEG) {DEG) [IN.) TANG RAD tDEG) {DEGY tDEG) (RPM} ERROR tRPM)  ERROR
10 61.500 337.REQ 0.0 Fe2 =3.435 0.169
Bal -1l.044 0. 628
0.0262 0.8101-0.5857 -35,.870 1.A53 28.%94 1B06. 1.31 14655. -1.13
11 65,000 233,600 0.0 Re -3.311 -0.424
2e2 =0,455 =1,200
0.1195 0.7963-0,.5930 -726,678 g,512 26.980 1744, 2,22 13826, =6.86
12 68.400 729,200 0.0 Te =-3,7289 ~D.168
held =0.253 1.142
-0.0510 0.8269-0,5600 =34,106 ~-3.528 29.060 1818, 1.97 15096. 1.B4
13 71.900 325.000 0.0 6. -2.782 -0.317 -
Sel -0,185 ={,924 ‘
-0.2698 0.6T734 D.695R8 45,940 -20.357 20,586 1758, -1.41 10489.-29.23
14 75.350 320.600 0.0 Tel =6.195 =-D0.567
544 -‘0304 O 301
~0.1B814 0,9440-0.2757 -16.280 -10.BR0 63,615 1792, 0.51 33047.122.95
15 76.900 316,350 0.0 16,1 =4,086 =-0.923
14,1 -1.172 04 366
~0.0602 D.B526-0.5191 =31.31% -4.036 32,773 178l. -0.14 16915. 14.12
16 82.250 312.050 0.0 14,5 =2,131 0.274
13.4 =-1.055 Ou 464
0.0342 0.8248-0.5495 ~13,355 2.347 27.0814 1783, 0,02 14173. -4.338
17 85,750 207.700 0.0 14,5 =3.,679 =1.26%4
12,4 =1,324 0. 438
0.0747 0.8323-0.5493 -33,472 5.130 29.094 1783, 0.02 14825. 0.01
18 89.250 302,350 0.0 23,1 =3.704 0.290
11.1 0,502 0,552
0.04189 0.B116-0.5839 -35,734 1.237 29.105 1755, -1.59 15022. 1.35
19 92.650 29%.000 0.0 12,3 -3.011 =-0.826
11s1 =-0.876 0. 449
0.0298 0,8500-0.5252 -31.T12 2.684 28,220 1804, 1.16 14755« —0.%8
20 96,100 294,800 0.0 24,1 -3,78% =-0.780 i
3.6 =1,009 0,189 .
~0.3864 0.T693-0.5088 -33,480 -26.672 54.293 1664, <~H.66 29151. 98.67
21 99.200 290,450 0.0 10.3 =3.641 0.0
3.5 1,435 G.1861
-0,0483 0.4533 D.8900 63.011 -6.086 7.302 1878, 5.32 3562.~75.97
22 103.050 286,100 0.0 10.4 ~3,940 =0.494%
8.2 =1,019 04351
0.0118 0.T7994-0.6007 -~36,926 0.842 48,948 2184, 22.47 21165. 42.79
23 108,100 281.900 0.0 20,1 ~-8.191 =0.199
2.4 -1.238 =0.475 .
0.0518 0.8648=0.4994 -120.006 3,431 27.170 1598%. -10.68 14888, O.44
24 111.000 277.500 0.0 19,1 =4,0531 =0.395
6a2 -0.851 0. 389
-0.8940 0.4378 0.0949 12.230 -63.908 28.36T 14T7T. =17.17 17457. 1T7.77
25 113,400 273.400 0.0 10.3 -—4.184 -0.380
Te2 =3.403 -0.49
-0.3024 0.0117-0.9531 -89.297 =-87.785 35,758 1758, =1.41 20259. 3&.468
26 116.850 269.000 0.0 b ~3.44% -0,690
17.1 =3.937 0, 284
~0.7949 0.5539-0.2689 25,306 =~5%5.622 114.587 1792. 0.51 59526.301.59
27T 120.300 26%.750 0.0 161 =3.89& ~-0.102
14,2 =1a349 0. 387
0.0748 0.8719-0.5498 =32.463 5.141 28.323 1784, -2.22 14524, -2.01
28 123.700 260.350 0.0 15.4% =4&,1731 =D.563
13.2 =-1,073 ~0,301
0.098% 0.8308-0.5478 =33,396 6.791 28,179 1781. -0.14 14544, -1.88
29 127.150 256.050 0.0 14.5 =3.,524 ~0.46%
' 13.1 -1.244 -0.385
0.1137 0.7937~-0.5976 =34.981 8,155 27.706 1832, 2,76 14300, -3.52



FRAME O4R. 1.R. BALL TD POINT MEASURED SPIN AXIS DIRECTION SPIN AXIS SPIM AXIS BALL SEPARATOR BALL
NG, PISITION POSITION SEP PDS  NO. COORDINATES X Y 14 PITCH YaW ROTATION SPEED PERCENT SPEED PERCENT
(DEG) {DEG) (TN} TANG RAD (NEGY [DEG) (DEG) {RPM) ERRDR {RPM} ERROR
39 130.700 251.3%7 0.0 12.2 -1.%29 -0.32R
1.3 Da% 64 0. 581
0.0938 0.AT54=-0.4742 ~28,441 £.117 25.089 1755. -1.59 12949.-12.64
31 134,100 747.500 0.0 73,1 -3,977 ~0.49]
. 122 =2,698 -0.170
-0,0354 0.7532-0.6569 ~41.092 -2.6892 31,073 1818, 1.97 16142. 8.%0
32 137.600 243,300 0.0 24,1 =3.520 0.058
323 ~0.398 =~0,658
«0.1378 0.8080-D.5729 =-35.338 -3.680 12.476  1T4%. ~2,22 16654. 12.38
EE] 141,000 228.900 0.0 lel 0.287 =1.145
3.5 -0.822 0e 460
0.0989 0,T550-0.6482 ~40,649 T.463 23,182 1804, 1.17 12122.-18.22
34 144,450 2727%64,700 0.0 10.1 =-3.481 -0.353
341 -0.879 =-0.357
0.0882 0.8460-0,5259 =31.865 5.956 27.388 1769, =-0.78 140465, ~5.24
35 147,900 270.250 0.0 9.2 =-3.483 0,154
2.2 0.137 -1.048
D.08356 0.8198-0.5665 —34,647 5.822 28.301 1795, 0. 66 14513, =2.09
36 151.400 22¢6.050 0.0 A.& -3,220 0.320
2.2 =0.4% -1l.1l08 ’
D.1712 0.7883=-0,5910 ~-26.857 124252 25.653 1792. 0. 51 13326,-10.09
37 154,850 221.800 0.0 7.3 =-3.318 -0.188
823 -Da257 1. 244
0.1560 0.9604-0.2310 -13.522 9.228 49,353 1TO4. —4.45 26372. B4.43
38 158.300 217.150 0.0 befh  =3,14% 0.035
Se1 =D.225 =-0.822
=0.527T 0.3752 0.7621 63.788 =54,589 6.992 1850, 3.77 3A05.~-T4433
39 161. 700 213,200 0.0 6.5 -3.301 =0.116
Se -0,888 =-1.066
0.,074% 0,8162-0.57T72 -35.248 1.B55 29,643 1811. 1.58 14915. 0.62
40 165.300 208.850 0.0 15.1 -2.87T0 0.112
14,1 -1,284 Os 434
0.032] 0.84T1-0.5305 =32.059 2,170 28.046 1T740. -2.40 14569. -1.71
%1 168.650 204.500 0.0 14,5 =-3.148 0.295
. 13,3 -1.087 0.579 .
0.0826 0,8249-0.5593 =34,139 54721 274251 178l. -~0al4 14065. =5.11
42 172.100 200,200 0.0 16,5 =3.697 ~1.278
12.3 -0.807 1. 066
0.0050 0.8050-0.5933 =3&,.392 0,359 30,184 1783, 0.02 15380. 3.76
43 175.600 195.850 0.0 11.5 =-0.B83T 0.457
1.1 0. 516 D. 669 .
0.0084 0,.8523=-0.5230 =-31.533 0.562 27.637 1792, 0.51 14357. =3.14
G4 179.050 191.600 0.0 12.2 =3,051 ~-0.778
11,1 =0.940 0.5486 .
0.234T 0.6102-D.5371 ~33,542 16.154 24,461 17768. -0.30 12790.-13.7}
45 182,450 187,3%0 0.0 26,1 =3,T&B ~-0.T37
' 3,2 =0.,T86 =0.776
-0.0719 0,862%=0,5005 ~30.120 =4.TH4 49.282 1792. 0.51 25601. T2.72
%46 185.900 183.100 0.0 11.2 =0.700 =-0.57%
11.5 =1.438 0. 219
=0.0719 0.8827=0.5005 =~30.120 4,764 49,282 1795, 0.66 25273. T0.50
47 189,400 178.800 0.0 10,4 -3.938 =0.476
Ba2 -la.036 0,427 .
0.0873 0.8292-0.5521 -33.658 64008 46.84T 1669, —b6.42 22992. 55.12
48 192.800 174.050 0.0 9.2 =3.T769 -0.662
62 Out5s 0,543
0.007T1 0.7706~0.4373 =-39.592 0,526 28.166 18BT6. 5.20 15540. 4.B4
49 196.200 170.200 0.0 8. ~0.879 0.454
Sa1 Ds 549 0, 764 . - -
0.0195 0.9031-0.4291 =25.415 1.2386 20,962 1Tébe =0.95 15045, 1.50



FRAME O.R. 3ALL TR PAINT

w A

[.R. MEASHRED SPIN AXTS PIRECTION SPIM &aXIS SPIN AXIS ALL SFPARATND RALL
Nia FOSITION PRSTTINN SFO ORS N, COARNINATES X ¥ 7 PITCH YW FOTATION SPEEN NERCFNT  SPFED PERCENT
LDEG) {PER) (R LTS THNC KAD {PF3Y [PFGY {DFER} [epuy rFoRne {RoM] ERQQR
50 193,600 1AHR, 00 n.n Te, =L, 1 ke —0.?T5
e 0,716 =-0,P07
N300 N,5779 DaLllar 17,214 54,620 Fp.'04 tTRY A, .97 76073, 75,60
51 203,100 141,700 0,0 Gak  =2,450 -0.654
Ge Cet3AN =0, 925
~0,0849 0,2769-0,357] =TA.RAZ =17 O4LR 14,213 1781, =0.1& nYR. =231 10
52 204,550 157,400 0.0 1ha! —,911 -0, 047
YA, -1.72n . 420
0.3478 0.8%°4-0, %42 -37,9%0 R 7A.TR? 1785, DY) VATLE, =(,57
53 219,050 1%2.100 1] 15,7 =-2,%02 «0.507
1,2 =V,084 =0,217
C,NE5h D,AIAL=0 5408 ="12,0'F L ,ato ?T¥. 5 1TTR, «3.30 TELQ4, -2, A2
56 213.450 148,450 N.n V4,7 —3,F4T -B,37R
13, -1.745 =0,290
0.1€49 QLRIEG=0,5811F -37,471 T IL10F 73,878 1884, 1,17 12460.-15,94
55 216,900 144 850 N.0N 28.1 -&,902 -0.%09
1AL =R =076
0 PEQ0 QLATTE-0 L4997 =21.724 -TA.0FR AL, 690 1 T4, 7,27 11790. 20.02
55 220,300 160,750 3.0 ?1.) =4,00F -0,30
M.F —-ML209 N, 744
0.079% Q,RUL4-(,550F =-37,4NR ?.O80 25.982 1785, -".59 1R&TS. 440
87 223,740 V5,900 N.0 24.1 -3.5N0R 0. 209
3.1 YL -0.4ES
N.00S52 DL.BIZA=0.5%7% =23,5%4 G.350 30.1689 1R60. 4, %) 15372, 3,71
53 227,280 121,700 N, 0 .4 =204 —00T7E9
1.1 N.790  ~1.102
N.0THA (.B400-n,525R =32,503 5.70% 26,788 1725, ~3,73 13746, -Te?7
5¢ 231L.E50 127,350 6.n 10,7 -7,L40  -Q,709
1.1 =0.,710 =1.074
0.1546 N,.521964-0,5211 -1 A24 TN.e2a 76,774 1R04, 1.17 17473, -5.77
[-18] 34,200 V22 VEN AN G.2 =7%,667 D.272
2.1 =0,170 0.49] .
-0.?2511 0.9008=-0.2%43 =21,4T73 -V15,FR7R L7, Teh Y1755, -1,59 22062. 49,84
&1 23T.500 1Y R.9DN n.n B.% =3,1n4 =0,327
2.2 =D.tSe =0.108
O0.TP3Y N.4635=0,4%46 —Gh4,471 £0,503 22,757 1792, 0.5 11862,.-22.00
42 240.950 "V 4, RS0 a.n T, =3,29 =0,0&8
6.1 =D0.13F 0, B2
0.2154 D,.0550=0.2040 =12.0%7 TZ.T70 47,490 YI40, -0.TH 26354, 64,230
43 244,400 10,200 0.0 A =*,0739 D.1£5
5.1 0,167 -0.78%
C=0.5146 DL.ARRYL O, TRSE 43,0989 -57_,987 T.046 1795. Qo bk A4]1 3. -T5.67
54 247,500 Y0R,. 900 7.0 65 =3,240 0.0
14,7 =0.810 0.730
. 0.0397 ORI A=-0.5537 =23,.8650 FaT 3k 2RLER?O1TTE, -0,487 TE090. 1.80
&5 251,250 t0',7TN0 0.0 15.7 =3.123 ~0.298
13.5 —-0.t87 0,782
N.,0%41 0.R8411=0.5391 =-37,641 2,000 ?F.,40n5  1TRY, 0,02 145720, -2.04
3] 254.750 47,350 0.9 14,6 =-3,4010 =-0,094
17,3 =1.026 0. 567
0.0650 0.R476-0,574F =32,394 Lob g 27.74T7 1804, 1.14 14509, =2,17
67 258.200 a3,150 n,o 14.5 =3.679 -l.134
12,3 =0.707 1.157
0.0854 0.8273=-0.5591 -74,070 AaBPR 2A,53R 1806. 1.7 14729, ~0.563
[X:| 261.700 Ag,o00 0.0 23,1 =3,693 0. 407
1.5 =-0.783 0. TOA
D.0248 0.8311=0.5588 =32,757 1.710 2,736 1795, Q.66 15249. 2.88
69 2654200 B4 ,600 0,17 12.% -3,041 -0.6T72
11.1 =~0.,R78 0.610
00,2163 0.7999-0,5598 -14,984 1€.12¢9 J4.B76 1766, -N.9% 12023,-12.82



1
[¥e]
T

FRAME  D.R. 1.7,  BALL T0O POINT MEASURED SPIN AXIS NIRECTION SPIN AXIS SPIN AXTS  BALL SEPARATOR BALL
NG. POSITION POSITION SEP PNS  MO. CONRDINATES X Y ] PITCH YANW ROTATION SPEEN PFRCENT  SPEED PERCENT
{DEG) {NEG) tIN. TANG RAD (DEG) (DEG) IDEG) (APM]  ERROR IRPM) ERROR
70 268,600 A0L,300 0,0 24,1 -3.797 =0.615
1,3 -0.,7TT7 -D0. 725
-0.1051 0.7656~0.6%48 -29,68%56 ~T.821 20,719 1Té6. -0,95 159%58. T.66
71 272.000 76,000 0.0 10.2 ~2.770 =-0.309
3,5 =-1.L26  0.285
) 0.4R54 0.8598=0,1584 =10.439 29,449 6.630 154B. -13,.16 3622.=T6.91
72 2715.000 T71.250 0.0 10,4 -2,940 =0,330
8.2 =0.990  0.440
0.0A57 0.830%=-0.5525 -33,690 5,694 86,925 2026, 13,62 243TT. b4.40
73 278,900 &£T.450 0,0 9,72 =3,770 =0.%516
2.3 =0.T65 0,337 .
0.0625 0.8451-0,5%10 =32.144 4,231 27.568 1792, D 51 14321, ~3,38
Té 282,350 63,200 0.0 19,17 =4,028 -0,239
6.2 ~-0.811 0.47%
: 0.0805 0.8499-0.5208 -31,501 £.6% 27,746 1790. 0.36 14803, -1.48
75 285,750 59,000 0.0 1Be? 44151 -0.725
S.1 0,265 =0.857
01217 0.9%B1=0,.2912 -17.073 T.673 49,739 1766, =-0,95 25039, T4,22
76  289.150 54,700 0.0 6.6 ~3.394 =0,555 .
14,2 0.169 0,752
0.1664 0.1002-0,9809 =R4,15% 58,902 15,362 1769, -0.78 78T, ~%6,85
77 292.600 50,350 0.0 16,1 =2,840 0,077
14.2 =1.22T7 0.50s
0.0523 0.8224-0,5651 =34.461 I.637  78.932 1792. 0.51 15030. 1440
78 296,050 46,100 0.0 151 =3,1686 ~-D.516
13.2 ~0.987 =0,209
0.056B]1 0.35)3-0.5203 -31,471 4,576 27,179 17Bl. -0.14 14028. -5.36
79 299,500 41.800 0.0 14.5. =3.467 =0,276
12,1 -=1.168 -0.249
0.5307 0.6T12-0.5180 =-3T.4660 38,210 23,007 1781, =-0,'4 11AT4.-19.89
B0  302.950 27,500 0.0 25,1 =4,157 =0.285
12.1 =-l.4565% =0,25%
=0,061T 0.807R-0,5R62 -~35.967 ~&.366 32,802 1818, 19T 17040, 14,96
8l 3064450 33,300 0,0 12.3 =-2.528 0.0
11.1 =-0.115 0.T38
0.1956 0.T469-0.6356 =-40.395  14.660 246,227 1752, -1l.77 12668.-14.53
82 309.800 29.000 0.0 4.1 -3.460  0.310
1.2 -0,323 =0.59%2
~0,00927 0.8414-0,5325 =32,328 =£,290 31,256 1804, 1,17 16395, 10,61
83  313.250 24,800 0.0 11.4 =3,223 =0,618
1.1 0.31T =1.16&T
0.0913 0,8283-0,5528 -33,720 5.288 27,290 1789. -0.78 13995, ~5.58
84 31&.TO0 20.450 0.0 10,3 =3,395 =0.150
: 8.2 ~0.275 0.590
, 0.0R44 D,8678=0,4097 =29.439 5,554 27,057 1772, ~0.63 14527, -1.99
as 320.000 16,300 0.0 9,3 =3.382 =0.475
2.2 0.180 ~1.045 .
0.0837 0.79T4-0,.5976 ~36.,850 5.966 28,811 1792, 0.51 14947. 0.97
B& 323,450 12,050 0.0 8.5 =3,277 -~D.288
2.2 —0.%3%6 =1,09%
0.1292 0,7987-0,5876 =35,342 9,190 25,892 1806. 1.31 13364, ~9.04
87 326,950 7.800 0,0 7.3 =3,232 0. 030
6.1. 0.0 = 0.T71 ‘
) 0,0038 0.8653-0,5012 =-30.079 04253  29.679 1763. -1.12 15821, %439
88  330.300 3,550 0.0 17.2 -3.685 0.0
5.1 -0.116 =0.856
0.1890 0.8072-0,56% =25,022 11,825 25,945 1789, 0,02 13220,-10.81
A9 333,800 359,200 0.0 6.5 =3.180 0.100
14,2 =0.491 0. 686 _ _
0.8105-0,5046 =35.804 7.59% 28,948 1804,  1.17

007267

15136, 2411



_16_

FRAME

ND.

30

91

92

93

54

95

96

37

38

99

SEPARATOR 1

O.R. TeRa RALL TO PAINY MEASURED
POSITIPN POSITION SEP POS NN, CDORDINATES X
(DEG) IDERY {INL) TANG RAD
337.250 3K5.000 0.0 15,2 =3,114 =0.233
13.5 =-0.397 0. 705
0.0195
340.650 3250.900 0.0 14.6 =-2.2176 0.0
13.3 -0.90% 0.610
~0.017T0
14,800 708,100 D.0 14,2 0.289 0. 6413
14,1 1.1486 0. 365
DeDEBT
18,150 202.950 0.0 16,1 -2.697 0.252
13.5% 0.506 0.632
0.0278
2l.600 299,450 0.0 15,4 -4.017 -0.151
14.1 -1.503 0.196
0.0%536
25.05Q 795,400 0.0 18,8 ~-3,562 -~0.637
13.1 =-0.996 =0.287
0.1188
20,350 291.250 0.0 12.2 =-1.262 -0.185
12.6 ~1.618 0.334
0.1184
31.800 2B6.950 .0.0 12,1 -1.602 =0.329
1141 0.178 D634
0.1729
35,300 2R2.750 0.0 11.3 -1.700 0. 065
3.3 -0.149 -0.6T2
~0.0866
33.800 278.500 Q.0 3.6 -1.285 0.113
3.2 0,028 =-0,5330
AVG, SPEED AYG. ABS(SPEED ERROR] AVERAGE YAW
{RPM ) {PERCENT) [DEG. )
Te3. 14 2.0709
BALL 14R22,55 23.1834 046073

SPIN AXTS DIRECYION

Y 4

0.8361-0,5513

0.8497=-0.5270

0,881 40,4677

0.8188-0.5T728

0.R242-0.5630

0aT72T7T-0. 8647

D.T377-0.56647

0.5999-0,7812

0,9035=0,4198

AVFRAGE PITCH

(DEG.)
~29.963

SPIN AXTS SPIN AXIS

PITCH
(DEG)

=33,463

=31,805

-2T7.953

=-34.974

=14,372

-42,019

-42.01%

=52.4TR

-24,924

YAW
{DEG)

1.760

-1.143

4,226

- LA

3.719

94133

%.133

164075

-5.477

IDEG.}

0.0

BALL SEPARMTNR
ROTATION SPEED PERCENT
(DEG)Y [RPMY  FRRDR
28,456 1789, 0.35
T6. 728 177Te 0432
28.912 1787, 0,20
29,032 178l. ~-0.14
27.643 1792, 0. 51
24,892 1772, -0,63%
24,892 178l. -0.14
18.542 1818, 1.97
45,924 1B06, la31

MEAN RALL POSITION

faLL

SPEED PERCENT

{RPM)  ERROR

14977, 1.04&

31994,-73,06

15420. 4.03
14984, 1.09
14360. -3.12

12365, -9.82

12647.-13.33

9632.-35,02

23187. 56.43



-86-

BALL MCTION DATA REDUCTION

171
. I . _ITL BALL MOTICN TEST NO. 1-B-3 . APP. - 2- L
SHAET BALL TEST RALL PITCH SEPARATOR FILM DBJECT
o RpY o OLlAe. .. NOw... .Dla. MEAN RAD . MAGNIFICATION LEMGTH . __. . __ __. o
12000, 0.750 3 5,6350 2.8175 12.750 14,276
FRAME Cuf, T.%,. BALL TC POINT MEASURED SPIN AXIS DIRECTINN SPIN AXIS SPIN AXIS BaLL SEPARATOR BALL
NP. POSITINN POSITIAON SEP PAS  NOW COORDINATES X ¥ z PITCH YAW  ROTATION SPEED PERCENT SPEEQ PERCEMT
o {CEC) .. tDEG)_ _ IANel ___ . _ _TANG. __®AD __ _ __. . ___ tDES) __ (DEG) __ (DEG)__ (RPM) _ERROR _ {RPM) _ERROR
1 257.4C0 267.950 0.0  23.1 -3.396 0,482
e 35,1 _-0,824 =1.210_ . ___ __ S o _
0.0375 0.9935-0.1078 -%.181  <2.180 82.416 5538.  0.05  52466. 2.1
7 PRELITO 257.800 0.0 37,3 -3.862 -0.287
. R 24,2 1,737 _-0.223 o e
0.0241 C.9923-0.1218 =6.996 1,392 T 40.621 5524. =0.21 51582, D4l
3 270.450  252.700 0.0 36.4  -2.848 0,095
e . - . 2242 34TH3 =0,460 _ e i —
03317 0.9564-0.1903 =11.253 =13,051  32.943 5592, 1.01 &41402.-19.41
L PT4.G0C 267.600 0.0 24.1  3.89%  0.665
I, — 19,1, . 1a%22 0,627 e e e . e ——
0.0038 0.9999-0.0166 -0.837  0.720 739,958 5534, <0.21 49978, =3.72
5 279,250 242,500 D.0  35.1  0.757  1.300
—— - . %344 =3,710 =0.285_ e e e
0.039370.5097-0, 1428 —8.213 1,695 39,685 S4860. -1.36 50893, -1.91
&  PA3.%50 237,350 0,0  35.2 1450 0.822
T 14,2 =1,3C8 0,840 e o e
20,0037 0.9943-0.1064 ~6.100 =0.212 34,257 5621. 1.54  43272.-15.77
7 P88.060 232,300 0.0  35.1 <-1.112  0.864
o _ 32,7 -l.612 -0.198 o o o o .
0.0281 0.9978-0. 0626 -3.551 1.156 33,682 5460. —1.36 42771.-16.74
& 292,200 227.15¢ 0.0  36.4  2.967  0.487
T 25,1  ~1.428 —0.046 . e .
00741 0.9958=0.0531  -3.049  4.256 46,933 5553, 0,32 50913. 16.62
9 296.650 227,100 0.0 36,5 2.953 =-0.587
. 35,3 =1,329  0.77% o )
0.0676 0.9941-0.Ca4s <%.852 —3,890 34,761 552&4. <-0.21 44141.-14.08




FoAME Caly T.2. PALL TO PREINT MEASIRED SPIN AXIS DEIIETTION SPIM AXIS SPIN AXIS AALL SEPARATOR BALL

NOL, PRSI TLNNY POSITIAN SFP PNS NO, CLMRDIMATES X ¥ 4 PITCH YA W ANTATICH SPEEM™ PERALENT  SPFED PZALENT
{NFC) (DE5) [Th,} TANG RAD [CEGY [DFG) {NeG fupa) SRROR {RPM} SREROR

1o i01.2C0 FLY.00C 0.0 FRLE O OSVLRET -0.230
43,7 Fa62° -DatbE

—1e037] Na03T76=-0,9552 -2.7%4 -7.122 25,084 B4TSS, =1.37 45011 =12eb7
11 TIRLGEL 2M1 .00 0.C 7.2 =1,774 M.E2P
Thatl D.ab6R D.553

1.0491 3,5004-0, 1357 -T. 78O 2a 787 IAL IRy RETT, 1.54 GH4uB, —=5,7T0
12 TOFLTICO P0A,50 Ga 34,1 1.701 -nB.FL8
AR, 1 0.0 D675

NeTTEL 0.£301-0.2080F -5.523 S0.E54 Te3T2 5S4, =0,22 3012e=5¢43 4
12 VL, 0R0 2N1L.7E0 0.0 4.l 2884 -0.156
ELY (e 2% 0.455

D.06Z45 Ga0977-0, 1261 =Lla&3E 2.890 319,295 BLEG.  =luib 44375, -3.8%
1s TYR.LLQ TheRAG Q.0 6204 =3,672 0s53¢4
I%.2 TaATE  —0,549

J.03CT 0,95846+0,0994 -%£.70¢% 1.74% TR, H4R 5434, -0.Fa ATRAT, =Z473
1e TATLEFY 11 L.500 0.0 4747 =3.R47 -0.17&
5.1 3.0907 1.457

90,0570 0.%901-0,1230 -Ta358 3,263 3b,u52 5397, l.01 L5804 410454
6 TRTLIC0 0 YR6LA00 0.0 27,2 14372 CatsB
3%.1 =5.861 1,151

0.0%03 0.5%4A8-0,0567 ~C 2564 le 744 40.E20 ER2%. -~Dall 15904 Uunl
17 I LR 1PN LGN J.C 1AL 3,304 —0.1 31
35,2 =0.114 l.55E

00455 0,3389-0,0465 24564 —0.359¢% 368,941 B5725%., -0.13 SOLdRe ~2.31

1¢ AFRLREL 1764150 0.2 3547 =1,291 1.070
BT Ja59&  =],352

=D.252% Ca%rT75-0.00593 “04352 =14s62¢ 124210 6553, G.22 15537 .=-59.66
13 40,700 171,100 0.0 -7y 0.759 0.060
-t 1.904 0.290

N,0671 D,5%83-042779 -16.164% 4.0C7 37,525 54P%. =0.74 47905, ~bH475
20 L LELE 166,700 0.C 2.2 44005 -0.58F
1541 04627 Gas3?
0.0076 0,6305=0. 3547 —-3.13% Ga%35 18,289 S5587. 0.°3 48622 —5.3%
_ 21 342,500 16Ca.350 Gaf) 447 1,724 Dulll
Ii.% 24637 =1.104
0,0438 0,5351=0.0752 4,320 2.7 40,862 5558, J.40 51530. 0Ou&2
22 353,300 15%.B50 0.0 T6a1  -0e333 Qe=12
35,1 14555 =0.0432

0.2106 0.9563-0,202% -11.982 12.420 51,948 5460, =1,%4 £5991, 28445
2% ARTLECC 150,700 0.0 35,1 1s24%7 0,145 R o
23,1 3,606 -1.232
=0.029Y 0.95680-0,06564 =3.232 -1.582 36,677 5489, =0,84 45545,=11,.35
26 241.600 145,500 Qo0 . 35,1 0,783 l.407 . L m
35,2 leé3) 0.192
0.0656 0.9456-0.1541 -B, 886 4,040 36,254 5529, -0.12 45555,=11.33
2R ... 4,300 140.450 0.0 37,2 .. 3.3e5 0,212 . o . . . o e e e
34,2 =1.518 0.48R
«0,27353 0.5682-0,1056 =6.279 ~-13,687 31,609 5519, =0.21 40568,-21.03
. .78 _.1C.600_ 135,400 _ 0,0 35,1 -1,307__ 0.%67_ . _ SV I I e . aa [
35,3 1.112 1.696

0.0235 0.9946-0.(534 -5.TC9 1.754 36,235 5495, -0.74 45T7T0.-10.91
27 _ 144550 130250 0.0 .. 35.1_ -1.397  +0Q.47%5__ _ . . _ .. - . L e e o e i
36,6 1.612 0.533
Vel232 0.9924-0.0059 -0, 341 7.075 44,069 5553, 0.32 56258. 9.51
28 _18.300 . .125%.200 __0.C.. 35.2 <leS05. . Qe800 .. e e e . [ e e e
26,5 3.0¢7 0.100

- O.1287 0.98B6~C.0T72 —4.437 T+415 46.605 5500, =-0.84 58256. 13.40
e l23._ 22,700 1704000 _ 0.0 472 | 2557 De2lS . . - ..
3%.3 -1.588 0.06%
~0eT281l 0.6289-04272% -23.430 ~49,182 28, €48 551%. -0.31 36T&T~28.43

1
)
@



-00i-

cpaME LR, TaR, RALE TO POINT MEASURED SPIN AX!S DIRECTION SPIN AXIS SPIN AXIS  BALL SEPARATOR BALL
. _ . MD. _PCSITION POSITION SEP POS  N. CNCRDINATES x Y z PITCH YAW RNTATICN SPEED PERCENT  SPTEQ PSRCENT
TNF&EY IDEGY (TN TANG R A {DEG) IDEGY) 1DER) LFPM) ERFOR (RPM) ERRDOR
Ys] 2R.C0OL. 114.55C  C.0Q T7.3_ -3.848 -0,514 _
35,1 04200 0.583 N
040259 0.9594=-0,2441 —-14,13%& -1.%34% 432,447 5552, Je32 55445, TaF&
A1, 374250 1(5.90C _0.0Q _ 751 1.583 ~0.372
22.2 3,751 =0.221 - -
De2657 0,8666 044198 25,846 17,300 136,619 5489, ~0,84 17440T7.239.43
_. 370 L 354650 104,800 0.0 ELT Y4 0.569 1.448 -
14,3 ~1,568  0.584 -
—040324 0.1929=-0,5793 —TBe%53 =9,211 14,570 5592. 1.0l  1B308.-64.35
.3z 414100 _ 92,700 0.0 | 22.1 3,575 _ . 0.300
25,1 0.636 14265 T Tttt T '_
0,0114 0.9975-0.0692 -3,966 Quhbé 37751 5455, -1,47  4B450, -5.,69
34 | 45,350 G4.600 @ 0.0 .. .35%.1 =0.29% 1,352 )
) 27.2 3,315 -0,.917
—0.077Y 0.93%35-0.3528 =20,670 =l.66¢ 20.643 £524. =-0.21  26213.-48.98
_ 15 49,700 _ B.500 _ Qa0 25.2 _ O.444 1,445 .. R
28,1 0.042  0.B4l . -
0.0167 0.9959-0.09%68 =5,098 Ba9E2 364650 5524, —0.21 45539, -9.41
_35 Foo,050_  B4s400 _ Ca0 _  35.1 =1.%44 -0.2322 o - e e _ ~
35,2 =0.5%4 1.353 ot
0.0141 0,5980-0.0615 -3,524 0.B12 33,088 5524, -~0421 42017.-1B.21
O _?T____EPL.a00  T9.300 0.C 2605 2,996 04538 L e e
15,7 =1.227  Q.557 e e
0.0948 0.9901-041040 =5,995 Sa467 44,362 55837,  0.93  5637l. 3,73
B 624800 | T4,250 _ 0.0 __ 42,2 3,860 —0.530 e e — e e m e e - -
35.2 ~1.525 =0,425 CoTrTm
) ~1a2147 0o98658-041453 -8.553 -12,531 32,599 5558, Uus0 &1178.-19.85
.39 6T7.200 __A%.150 . 0.0 37,2 -3.273 -0.0%4 IR L e - e
32.7 4.007  D.475 i R
—0.T107 D £173-0.3188 -27,31E =-4%.,362 31,063 5424, -0.,9% 40081,=-21.98
L &0 . T1.650 _ A&.100 0.0 ___ 36,4 . =2.80%8 0Q.512. . L .
36,1 N.0 0.577
—0.0734 0.6793-0,1887 ~-10.908 ~4,2B4  42.861 5592, 1.0l 53857. 4.84
41 . 7R.CO0 59,000 0.0 _ . 35.1. _1.570 0,398 . ... - o IR
2441 4,007 0.0
042977 0.9545 0.0239 1.437 17.299 53,246 5519, =0.31  £833T. 33.02
47 80,200 __ £3.950 . 0.0 . 23,1  3.6lé& -0.378 __ - . DU e -
26,5 ~2.848 =0,335
0.53¢3 0.8415 0,0654 4.641 32,507 25.577 5495. -0.74  32308,-37.11
47 R&4.STQ. 48.800 __ 0.0 35,2 . _1.613 Q.88 . R N e -
34,2 -1.098 1.028
0.0323 0.58B3-0.1493 =8,563 1.874 34,251 5553, D.32 44278, ~9.92
bl ___&& . RR.O00 _ 43.750 __ 0.0 _. . 38,1 -0a.918_ 1,029  _ _ . . M e e e e e e
. 37.4 3,990 -0.2258
“0.0618 0.9988-0.0265 =1.518 -2.399 37,836 5558. D40 47793 =6.97
48 53,300 38,650 0.0 22,2 -2,642 0,149 — } S -
35.1 -1.382 0.158
0.,0514 0.9944-0.0924 =5,308 2.961 38,606 5558, 0.40 4B766. -5.08
. &f . G7.700 33,550 0.0 35,2 =1.096 0,963 - . . -
24,1 -31.,710 =-0.980
~0,3876 0.8598-0,3325 =21.146 =24.,268 107,875 6212. 12.21 152295.196.45 =
4T 107.100. _29.450 _ 0.0 55,2 -1.508__ 0.0  ___ . e . N
23,1 =3,451 =0,500
0.B908 D.3151 0.32275 46,1C7  T0.522  43.T54 5077. =-8.29 481TH. -6.22
L .48 106,500 273,450 _ 0.0 3.1 0,594 D.445 — - _ e,
35,2 -1.255 =1.051
0.194% 0,7030 0.68319  44.212 15,488 28,987 5541. 0,09 18356.-64.27
__4m 115,750 0 13a.2s0. Q.0 6.6 —T2.521 0 0.0 _ S -
" 2Za2 3,127 04532
2,605 =15.835 29,3856 5553, 0.32 37514.-26,98

-0.2726 0,9611 0.0437
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FRAME
N e

sn

[}

£

7

s

£Q

E3

B4

£é

£7

6R

MuFa IaFa ARALL TC
PESTTINY PCSITINN SEP PO
[RatR o) (NFEGY (Th, Y
113,800 A.7nC 0.C
12744980 2,700 C.C
122,300 3FR,COC 0.0
VIV, S0 RRALAND Q. L
136,550 3474950 N.0
TR1.PR0 0 162,800 0.0
ILS, 650 32TLECO NeN
TE0L1I0N 2D LB50 0.0
154,450 327,450 0.0
TR, IE0 22,400 fsC
TeL100 31T7L.20C Du.C
167,500 312.25C 0. C
1T1LECO 307,050 0.0
TTEL200 202.000 0a.C
18C.550 296.85%0 0.0
1844 %50 . 251.E00 00 _
189,200 2864700, Qa0
122,650 28l.650 __0.0.
l?B.ﬂon,.ZTh.SODmn"umﬂ,”,,
202,650 .271a%50 Qa0. ..

poiNT
h

MEACIPFD
~ONRNTNATES X
TANG RAN

1,650 0,748

1,232 0,922
- 242377

00247 Llaéll

04575 ~0.112
Jelu24

1,187 -0.19%

“0.674 l.254
-{].f\l."’

1,303 0.174

0,187 =0.820
-0.0052

-n,1el 1,815

-1.389  =D.640
0.026°

2,070 0.078

2,445 04187
07,0184

2,710 0.130

“1.419 -0.h33
2.7928

~3.7F7  -0u50

0.4RE  14£16
P EAR

=2,385 0,0

-n.l80  0.5%&
140557

0,317 0.220

J.673 0,583
0.0540

3,538  0.18%

1,686 =0.23&
7.0163

Q4662 =0,502

1.452 0.786
-0.2722
~1.083 0,987
2,953 P42
0,0595
3,952 =0,285
-1.4C7  =0.060
D.96RT
2755 -D.29
=0.331 1.5658
-0.0924
Q.776 _ Qell2
1,508 ~-0.872
G.2207
_4.025  0Q.0R8%
0.504 0,517
0.0699
_Pef55 0,759,
0.035 0,841
0.2738
.=3,582 0,380  _ . __
1.089 1.297
0.0758
=2.354 . 0.056..
]
T T0.066%

SPIN AXIS JTBECTINM

Y z

06431 7=0a3098
0,.5939 0.417°F
Ba7175-0, 2081
0e3325-0,1222
0,9992-0.10261
0.90895-0.143%4
0.0%43-0.0734
0.0915=0.4825
De28A2-0.1427
N.5934-0,10%2
0.5936-0,9500
D.8423-0.456501
0.9970-0.0500
0.15680 0.19172
0,9917-0.0896

0.9702-0. 1004

0,9372-0.026%9

0.9%66~C, 0599

0,992B=0,05%0

J.9927-6. 1004

SPIN AXIS
PITCH
{DEG)

-13.632

-T«G25

=1.435

~8.284

-1TL.583

-78.204

~B,217

-5.815

~2a864

-26,30¢9

=5+354%

-5 TT%

STIN aXTS§

YAW
(NEG)

PR

41,842

=0e301

1.944

=1.08¢&

84 .575

=-34.004

3.109

D.967

-17.920

3.418

Bl.T73E

-5,322

12.815

4,010

15.57C

be3b4

3ALL SEPARATIA
SRTATICN SPEED PERLCENT
[RES) {ip4] c2r0R
i7.267 5523, G.8%
17.330 S4A”6. =1,28
17.13% 5524, =-0.22
137.543 H517, =0.31
46,083 &51°, -0.21
3R,365 5500. =0.64
312.502 5&21. 154
84,566 5%24. -0.21
13,412 E619, =0.21
46,955 S4486. -1l.26
18,709 5647 2.01
16,288 5431, =1.98
42,6315 5587, 0.93
12,195 5465, =0.74
45,515 5597, 0.53
49,251 5524, -0.721
40.218 5553, 032
61,360 5455, =-0.74
38,128 ﬁ;;ZIo 1.54
35,928 ;489. =0.84

BALL
SPEREY PEACENT
{RPM}  ERROR

15719.=-59,40
21B38.,-57.473
2175R,=57.65
138023.16R.57
58143, 15.12
479584 —L465
41550a-19.10
1(7387,109,03
49558, -3.54
58876,

14,40

L8630,

-3.320

205T44-59.95

54141s 5439

15404.-70.02

577984 12451

2l.84

62532,

51342, =0.06

17509, 50.87

48162,

-4425

458565.-10,72
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FRAMF .0, 1.R, RALL TO POINT MEASURED SPIN AXTS DIRECTIDM SOIN AXIS SPIN Ax!S BALL SEPARATOR BALL
MO.. . PRSTITION POSITICN SEP POS  ND. CADRNIMATES . X Y L CPITCH YAW ROTATION SPEED PERCENT SPEED PERCENT .
torGl {PEG] (NG TANG RAD [DEG) (DEG) {DEGY {RP¥)  ERROR (RPM]  ERROR
- . 70 . 206.780 . 266.350 L 0.L. 42627314584 0 Q130 - - .- -
25,1 0.193 1.545
0.076% 0.9914-0.1062 -6.120Q 4.435 35.157 55%3, 0.32 481584-10.15
o071 211100 2874200 0lC . . 37.2 34393 0.174 . B [ -
14,2 =1.535 04315
=0.0143 0.5963-0.0848 -4,865 ~0,822 32,048 5558, 0.40 480524 -bah5
S T2 215,500 7844200 0.0 L1 3,005 -0.434 . — — - - .
36.1 Qo286 =D.T52
~J.0874 (,9941-0.0475 =-2.737 =5.5%5 33,235 5587, 0.93% 42203,-17.85
T3 _72719.800 251,150 0.0 24,1 =1,R45 -0,293 - - [
15,1 =1,344 =0.531
-De1332 0.9732-041877 =~10.915 =T.791 46,551 5529, -~0.12 58494, 13.86
- T 2244000 246,000 0.0 23.1 -3.488 0 0.110 e — — = el e
5.2 =1.471 0.29L
‘N.0069 0.5875-C, 1576 -9,065 0.355 37.069 $5519. -0.31 47575, -Ta39
. 1B ..22%,600 . 240.950 0.0 35,2 -1.460 =0.683 . ___ .. _ — - e m e e
42a.2 3.6R4 Dot e
041260 0.9917-0.0192 -1.108 T.2488 44,717 5524. -0.21 56733, 10.53
. Th . 232,950 235,850, 0.0 _ 36.1 0.245_ 0.6%0_ . _ __ . __ . __ _____ .. - e
34.2 1.776 -0.119
0.2416 Q0,969=-0,0814% ~4 4813 14,030 5.759 5621, 1l.5% 7274.=85.84
L 17 237.400._ 270,800 _ 0.0 36.4 _-2.838 -0.188 L ——— - -
6.1 =-0.179 0a620 .
3,077 0,9861-0.1478 -8.523 4.387 38,995 5495, ~0.74 49257, -4.12
. IB. . 261,75C 225,650 0.0 _ 36,1 -0.522 0.305 —_— - e I e
12.3 44236 =0.454
) =0a1235 0,9914=-0.0426 -2+463 | ~Tal16 38.273 5617, Lett7 4885%. -4.89
79 245,150 2204650 0.0 4,2 -0,328 1,482 _— ————
. 35.2 1724 0,072
D.0075 0.9955-0.0947 =5.4432 0.432 65.489 5538. 0.05 41691.-18.85




-£01~

FRAMF OsRs TeRa RALL TO POINT MEASURED SPIN AXIS DIRECTION SPIN AXIS SPIN AXIS BALL SEPARATCR BALL
o NO. POSITION POSITION SEP POS  NO. . COCORDINATES . X . . _¥_..___ZI._ _PLYCH __ YAW  ROTATION SPEED PERCENT __SP PER
IDEG) (DEG) {INa) TANG RAD (DEG]) (OEG) (DEG) {RFM} ERROR (RPM} ERROR
A0 284,R50_ 210,500 _ 0.0 _ 35.1 =1.128 0.853 __ __ e -
36.2 22580 =0.261
0.1808 Ra3757-0.1240 ~T.240 10.4986 27.551 5558, 0,40 A480).-32.26
a1 289, 250 208,440 0.0 Y- 3,601 =0.134 _
35«2 04513 1.417
-0.0844 0,99£4 0,0048B 0.277 44843 34,587 5524. =-0.22 464560 =9.58
RZ 263,400 200,300 0.0 35,2 =1.35{ 0,747 e
12.3 =46,120 ~0,359%
0.2658 0.9633-0.0372 -2.214 15.424 35.364 5558, D40 44669,.-13.05
B3  PRALO00 195.200 D.0 23,1 —3,292 -l.176 - J—
36,1 0.76R Qa237
~0.2915 0,8951-0.334T7 -20.479 =-18.019 B.000 5489. -~0.84 10212.-80.12
R4 272,300 150,100 0.0 . 37.2 =3.241 0,108 o L
161 Q.454 0.590
0.8380 0.4115~-0.3582 =41.038 63.8456 119,691 5460 =-1.38 151988.195.85
AS_ . 2TH.600 184.950 0.0 22,1 4,237 -0,303
24,2 4646 0,489
00,7153 0,6908 0.1058 8.711 48,968 168,646 5587, 0.93 214150.,316,85
AR 7PR1.000 179,900 _ 0.0 __ 3646 =3,518 =0.672
) 36,1 =0.473 0.330
0.1061 0.9802-0,0283 =-1la4653 I11.312 35,007 S61Ta 1a47 A4690.~13,01
__B7._ ?B5.400 174,900 0.0 365 -2.901  =0Q.213 . ____ _.._.
35,1 0,963 1.174
0.0473 0,9936-0,102% -5.884 2.T28 37.416 53529, -=0.13 4TOlH, —B.4B
AR IRG.800 169.750 0a 0} 4222 =3,619 -0.7273 .
15,1 0,033 1.454
0,0475 0.9919-0.1179 -6, T7T 24704 384466 5519, =0.31 49368, ~3.90
1] 294,100 164,700 Qa0 b2 =1.%94% 0.112
15,2 0.881 1.299
AVG. SPFED AVG, ABS(SPEED ERROR} AYERAGE YAW AVERAGE PITCH MEAN BALL POSITION
{rRPM]) {PERCENT]) (DEG.1} {DEG.) (DEG.}
SEPARATOR 5535, 46 0.89%0
AArl  51373,3% 32,4792 2551 =T.275 0.0




-b0Ol-

FRAMF
NMN.

NaRa

POSTITION

{NEG]

102,500

'12.R54Q

M7.,200

121.450

125.75¢C

130.000

132,700

143.000

147,300

SHAFT

RPM

120004

TaRa

{DEG)

44 . AG0

1G.600

34,500

294450

24,450

194350

9.100

42100

358,950

C.0

G0.C

BALL
DIa.

0.750

BALL TC POINT
POSTITION SEP 208
{INM.}

ND.

I T I BALL MOTION DATA REDUCTION
ITI BALL MDTICN TESYT NfY, 1-A-4 5-23-13
TEST BALL PITCH SEPARATODR FILM
NO» Cla. MEAN RAD MAGNIFICATICN
3 £.£350 2.8175 12.750
MEASURED SPIN AXIS DIRECTIGN SPIN AXIS SPIN AXIS
CDORDINATES X Y z PITCH YANW
TANG RAD {DEG) (DEG)
-2.717 -0.237
N.153 1.277
0.0003 0,9856=0.1430 -8,253 54232
-3.475 -0.122
0.331 1.147
040605 0,9791-0.1943 -11.227 3.534
=-1.,407 0.062
3.5C5 C.0
~041882 0.9644-041752 -10.275 ~-11.023
-1,232 D.238
0.1€1 1,399
0,0985 0,9947-0,0294 -1.655 5.656
=3,815 =0,.328
~1.313 -0,700
0.0320 0,9475-0,2508 =14,533 1.B92
3,016 0.189
3.826 =-0.355
0.8751 0.4834 0,0232 2.750 61.083
D.316 1.457
1.711 -0.424
~0,9209 0,3746=0.,1CB83 =16.131 =67.866
=3,450 D.616
~04223 0.314
0el706 D.5653-0.1675 -11.565 10.019
0,587 1.152
1.480 0.315
~0,0013 0,9796-C,. 2010 ~11.554 -0.113

APP -2~ .
OBJECT
LENGTH
34,276
BALL SEPARATOR BALL
ROTATION SPEED PERCENT SPEED PERCENT
(DEG) [RPM) ERFOR {RFPMI ERROR
35,906 S466. =0.63 45117, 5.95
384368 6524. (.42 48721. l4.4l
32,027 5484. =0.30 41325, =2.95
30,842 5548, 0«87  39776u ~be55
39,498 5655, -0.84 50692. 19.04
35,399 5509, 0.1&6 22416.-4T7.36
11.935 5548, 0.B87  15400,-63,84
39,868 5460. ~=0.73 50626, l8.89
31,483 5519, 0.33 40406, -5.11



FRAME DaRas TR BALL TC POINT MEASURED SPIN AXIS DIRECTION SPIN AXIS SPEIN AXIS BALL SEPARATOR BALL
N, PISTTION POSITION SEP PDS  NO. COCRDINAYES X Y z PITCH YAHW RCTATION SPEED PERCENT SPEED PERCENT
[DER} {0EG) {IN.} TAKG RAD (DEG) {DEG} (DEG) (RPM]} ERROR (RPM] ERROR

10 151.6€0 273,904 0.0 34,2 -0.388 1.213
35.2 1.774 =0.,466
0.0038 0.9863-0.1650 -9,457 0.218 32.228 4173. 12.23 37186.,-12.48
11 1564650 349,850 0.0 35,1 -04169 l.142
35,2 1.506 0.541
0.0354 D.9865-0.1600 -9.215 2.054 34,355 46T1l. ~15.,08 49374, 15.95
12 160.200 343,750 0.0 35,1 ~0.%469 0.680
3.4 4,030 0.259
~D.0684 0.,90849=0.1671 -5,629 =2.699 34,550 5524, D.42 43873, 3.03
12 166,550 338,650 0.0 15,2 =0.,39) 1.289
3644 2,996 04209 -
~0.0138 0.9937-0.1110 =-6.371 -0.753 36,562 5548, 0.8T 47177, 10,79
14 168,850 333,650 0.8 25,2 =1,265 0,692
35,3 =0.210 1.540
=0,0241 0.9971i-0.0M6 =-4,109 =1.387 42,080 5432, ~-l.25 53153, 24.82
15 172,150 328.450 0.0 23.1 =3.430 -D.981
36,1 C«7BO0 =0,0556
-0.3399 Q,8725=-0.3511 =-21.919 =-21.287 7.297 5519. 0,33 9365.-78.01
15 177.450 323,400 0.0 3742 ~3.216 D.255
36,1 0,524 0,304
0.3030 0.9116 0.2778 16.949 18.386 124,352 5507. .11 79163, 85.90
17 186,100 313,200 0.0 36.3 -1.195 0.928 e
34,2 1.133 0.956 :
—0e%339 0.,2124~0,B8756 =T6,366 -63,916 10,118 5432, ~1.25%5 12781 ,~69.99
18 190,400 3(B.000 0.0 34,5 ~=2.779 0.021 ool
36,1 ~0.560 -0.18B7
0.06472 0,3783=0,2020 =11.665 2.T762 37.01% 5583, 1.50 47505. 11.56
19 (194,75C 303.000 0.0 35,1 Du.418 1.159 o o
42.2 =3,557 Q.202
0.0468 0.9878-0.1485 =~B.547 2.714 39,297 5489, =0.20 50166, 1T7.81
70 199,050 257.900 0.8 34,2 -1.395 0,177 ’
35.2 1.236 0.942
=0,0200 0.9861~0.1524 —B.765 =1.1561 34,532 5524, 0,42 43850, 2.97
Y 203,400 292.800 0.0 35.1 =1.227 0.364 _ . _ L R
16,1 0,326 =0.952
-0.1093 0.9930-0.0455 —-2.622 —6.282 19,812 5519. 0,33 2542B.~40.,29
22 2€7.700 287.750 0.0 24,1 =~3.844 =0,054 . . e
35,1 =1,.333 -0,554
0.0662 0.9815-0,1795 =10.365 3,857 38.119 5519. 0.33  4B923. 14.89
23 212,000 282,700 0.0 35,2 =1.440 0.303 _ . . . R
36.1 0.852 =-0.294
0.7816 0.5848 0.2169 20,352 53.156 25.888 5553, 0.9%6 16524.-61.20
24 220,700 272.500 0.0 A7.2 ~=3.,252 =0.561 . I
6.1 0.31T7 0.381 ]
0.0044 0,9T62-0.21646 =12.512 0.257 41,210 5450, ~0.723 52331, 22.8%.
25 225,000 267.450 Q.0 36.1 =0,09%6 0.416 A . I,
22.2 3.691 -0.815
-0.0895 O0,9896~0,1128 ~6.504 -5.169 13,527 5514. 0.24% 434%,. 2.14
26 229,250 262.450 0.0 15,1 1.9582 0.231 . . e
24,1 3,985 0.224
0.,05T79 0.9851-0.1621 -9,347 3,364 16,759 54866, —0a63 . 46190, B.47

27_ 23V,E00 257.250 0.C 4244 =3,60% ~0,0T7% e - e
34.2 =0.142 1,347 .
D,0595 0.9823-0.1775 -10.2432 3.4568 39,333 5613, !.04 50752+ 19.18

.28 237,950 252,300 d.0 34,2 ~-1,045 0.833 —_ . I
5.1 0.025 1.260
0.0549 0.9836-0.1718 ~9.909 3,193 34,687 5460. ~GuT3 A404T. 344

- 35,1 -0,816 0,832 . _— e — e -
37.3 4,000 0.578
0.1073 0.9937-0.0339 -1,953 6.162 40,134 5553, 0.96 S51234. 20.32

.29 742,230

-S0I-




-901-

FRAMF NeRe TaRe
NO. PASIFIOBN POSITION SEP PIS
(NEGY [DEG) (IN.)
o 246,600 222,100 D0
1 250,550 237.050 0.0
32 255.200 232,000 0.0
A3 259,500 226.900 0.0
EL) 263,100 214,700 0.0
L35 2724450 211.650 0.0
36, 276.T00 . 206,500 0.0
{37  281.000 201.400 0.0
| 38 28B5.35C 196,300 0.0
L_39 _289,650 191,200 0.¢
.66 293,900 186,05C 0.0
_4} 202,450 _175.550 0.0
.82 11,050 _165,700 0.0
_43 315,350 _ted,s60C 0.0
44 319,700 155,550 0.0
L 45 223,950 150.450 0.0
46 3128.250 14%.350 0.0
| _
_ AT 332,500 140,250 0.0
_ &8 236,£50 135,200 O.0
49 341,050 130.1%0 . 0.4

BALL TG POINT

NOD.
2242
35.2

35,2
36.1

23.1
36.1

3641
32,2

36,3
22.2

3445
35.1

35.1
36.1

32,2
34,2

35,1
3542

24.1
25,1

35.2
3645

3641
37.2

35.1
34,2

42,4
24,2

MEASURED SPIN AXTS DIRECTION SPIN AXIS
COORDINATES X Y Z PITCH
TANG RAD 1DEGI

-3.512 0.040

=0.164%4 l1.412
. Dst413 0,0490-0,8960 =-F6,848

-1.120 0,934

-0, T8 =0,455
~0.0577 0.5933-0.00972 ~0«53¢

=3,462 «0.471

0.816 ~0.041
~0a2050 049305-0.3035 ~-15.067

0.559 0.32CB

3,957 =0.607
~045472 Qo2861-0,TCHE -06T74557

=l.064 1,127

3,746 0.218
=0.B034 0.4659=-0.3708 ~=38.51%

-2.801 04375

1,287 Da63l
-J.0060 0.S823-0.1E75 =-10.BCS

D.527 1ala7

=0.586 =0.573
00,1089 0,973 00,2030 11,781

=3,896 =De250

-1.392 04376
J,1655 3,9689=0,1841l =-10.,757

-1.195% U489

Qual7 1.343
0.0649 0,9976=0.0250 -1.423

-3.828 0.259

~14383 =0.%15
0,0725% 0.5784-0,1935 =11.137

~lefléd 04416

3,044 --0,306
-0.0234 0.5879-0.1532 -f2.819

0,323 0.374

~3.3%% =04343
0.0273 0.55823=0.1798 =10.362

1,531 D.071

04853 1.148
7,092 0,9843=-0, 1462 -84451

=3.625 0,0

=0ei45 1,309
0.0659 0.5801-0.1913 -11.L75

0.016 l.208

—-3.498 -0.553
040430 0.9817-0.1858 -10.716

-0.038 ~-1.006

=-C.840 0.832
=0.0T42 0.9972-0.0061 ~-0ae352

~-3.572 Q.098

=0.143 1.400
040659 0.5719-0.22648 =-13.026

~-1.090 0.909

—0.554 1.629
040559 0.93268-0.1063 -6.109

3,813 0,179

0.77T9 =0al43
0.0186 0.9929-0.1175 -baT48

0.584 Du24l

32983 =0,745
=0.8702 0.1511-0.46%0 =-72.137

SPIN AXIS
Yok
(DER)

B1.655
-3.306
-l2.424
~46.15C
-59.,891
~0.348
B.211

GebCSE

-1.354
l-bl?
5.754
2.915
24507

-4.257
4.114

-3.218
1.074

-80.147

ALt SEPARATOR
ROTATICN SPEED PERCENT
{DEG} {RPN} ERROR
12,851 5553, 0. 96
514396 5484. -0.30
34,066 5489, =-0.20
554288 G548%. -0.20
29,.92)] 55513, 0.96
39.471 5426, =1.36
15,8458 5489, =0,20
34,935 5524, Oute2
33,583 5489, =0.20
38,040 5426, =l1.38
Tl.734 5501, 0.02
TT.666 5475, —0.47
30.531 5489. =0.20
346,856 5553, 0.96
38,031 5455. -0.84%
23.43T7 54B89. -0.20
35,951 5455. =0.84
44.435 5553, 0.596
37.527 5449. -0.94
40.54% .

5524.

0.4

BALL

SPEED PERCENT

{RPM)

16405.-61.48
66317, 55,73
69020, 62.08
352%0.-17.13
3813%6.~10.30
50389, 18,33
1B955,~55.49%
43855. 299
42871. D.68
48562, 1l4.04
46156, 6.39
49443, 16.11
38975. ~8.47
47050. 10.49
4880%. l4a62
29996.~-29.56
46140, B.35
5b727;-33.21
48684, 14.33

257584-39.51

ERROR



-401-

FRAMF

N

50
51
52
59
54
55
56
57
54

59

&0
.81
&2
h3
b4
65
66

67

i
i

49

TeRa
PAOSITEON
{DEGY
140,750
154.000
158,350

2. 550

5.500
11,200
1%.500
15,850

244 (50

284300

12,400
1. 900
41,200

45,500

492,300

. .54.200

. .5R,500

67.050

Tt,.300

1524600

PU;;?;BN SFF POS
(DEG) tING)
119.950 0.0
114,850 0.0
109,750 0.0
104.65¢ 0.0
99,550 0.0
94,500 0.0
89,250 0.0
844600 0,0
79.200 0.0
T4a150 0.0
69.050 0.0
84,000 0.0
58.900 0.0
53.900 0.0
48.800 0.0
43,700 0,0
38.600 0.0
28.500  0,0__
23.500 0,0

RALL -TC PDINT

NO,

36,3
36.1

32.2
34,2

35.1
35,2

241
35.1

25,2
36.5

2641
42.2

37.3
36.1

EL L

34.1

36,3
34,2

42k
34.2

42.2
35.1

34,2
36.1

22,2
35.1

38.2
35.3

23.1
35.2

361

36,3

ELTY:]
35,1

184250 0.0 3

35.1

MEASURED SPIN AXIS DIRECTION SPIN AXIS
COORPINATES X Y 1 PITCH
TANG RAD {DEG}

~1.047 lall4
~0.379 0.264
-0,5386 0.4523 0.7108 57«533
Ha2b6 -0,089 .
1.310 0.579
De1291 0,.5916-0,0122 ~0.711
0.557 1.07¢
-3,528 ~=1.192
Oal244 0.9895-0.0733 ~44235
-3.865 -0.210
=1.395 0,33}
0.2356 0.9511-0.1999 -11.869
~1.183 0.410
0.415 le243
040415 0,9956-0.0039 ~4.815
~J3.06%9 0.194
=1.404 =-0.530
0.0518 0.,9786-0,1991 =11.500
—1.4%0 0.332
3.008 =0.335
=0a41325 0.,9753-D0,176T =-10.271
0633 0,042
3669 =~0.338
Q.9814 0.0147 0u1913 85.612
-3.300 =0.154
0.336 0,304
0,3336 0.9359-0.0727 -4.421
-2.8237 0.1905
24751 =-0.522
-0.0425 0.9970 0,0£52 3.741
-1.402 0,508
0.829 1.078 :
~0.2181 0.1783=0,5595 =T79.474
-3,653 -0.088
=0.164 1.256
0.1052 0.9851-0.1343 ~T.881
=3.,462 =0.6921
0.015% l.148
0.0367 0.9795-0.1980 -11.426
-1.516 ~=0.240
0.0 ~1.045
-=0,0571 0.9927-0.10460 -64093
=3.553 -0.055
-1.34% -0,071
0.0712 0.9702-0.2215 =-13.422
=1.115 0.782
=0.690 1.577
0.0155 0.9982-0.0570 ~3.268
=3,417 -0.622. -
=1.53& =0D.238
0.62¢86 0.7517-0.2056 -15.298
. 04034 0,348
=0.100 14459
=0.2000 0.5597 0.8042 55.1686
=3.3386 0.0 - .
1.595 =0.340
0+2456 0.9508-0.1286 ~T7.826
=2,8Q0 . Q.238 I e
1.304 D.584
-0.0112 0.9210-0.193% -11.1M83

SPIN AXIS
YAW
{DEG)

-49.980
Tetl?
?.163

13.914
2.384
3.032

~T«735

894143

19.544

~Zakh2

2.148
.-3:29;-
4.157
Q.46
39,813

=19.666

14.339

-0.554

BALL SEPARATOR BALL
ROTATINN SPEED PERCENT SPEED PERCENT
{DES) (RPM} ERROR (RPM} ERROR
£.8336 5455, -0.84 8774.~79.40

40,TT9 5524, Qa2 51783, 21.60
36, T99 5419, =1.47 4T482. 11.50
33,132 5524, 0442 420T2. =1la20
3T.242 5519, a.33 47797, 12.24
38,536 56460. =-0.73 48935, 14.92
32.198 5813, 2+06 41545, =2.44%
3-#é6 5362. =-2.52 4373.-89.73
33,585 S484, ~0.30 43336, 1.77
44,554 5489, -n:zg::;§;57€;j;;.;;_f
10.640 5519, 0.33 13655.-67.93
15T 5AG9. -0.20  ASZ92e 6e36
40.346 5548, o.s; 520;;. 22.25
T
49,061 5558. 1.04 61972. 4%.53
37,182 548S. -0.20 47466, 11.47
C.25 S0 030 SLI5Z. 20,59
64.724 5501, 0.02  4l6A5. -2.20
;.;;7- 5455. ~0.04 3526.=-91.72
34,252 5460, =0,13 s3¢95. 2.14

40.239

5503, 1.30 31843, ll-l!_

1

Ll



-80I1-

FRAME MaRa TP, AaLL TG POINT MEASURED SPIMN AXIS DIRECTION SPINM AXIS SPIN AXIS BALL SEPARATOR BAEL
N1, ©onsSITION POSITINAN SEP PAS  ND. CODADINATES X Y z PITCH YAW ROTATION SPEED PERCENT SPEED PERCENT
[PDEGY [NEG)H LIN, } TANG RAD {DEG) (DEG) {OEG) {RPM) ERROR {RPM} ERROR
70 73.350 12,250 0.c¢ 35,1 -0.545 -0,622
14,2 -0,708 1.003 .
~0.0240 0,9997 00,0043 De249 =1.377 24,617 5426« -la36 31426.=26.20
T B4.2CC 8,100 Q.0 12,2 =3.385 -0.368
24,2 =1.387 0.315
0,722 (0a9691=0.1755 =10.26%6 104122 34,681 5519. 0.33 44511. %4.523
12 £3.500 3,050 G. 0 15,1 =1.17¢ 0.403
3642 24534 -0,158 .
. 03980 J.9154-0,0599 =3.T45 23,499 18,566 5489, ~0.20 23701.,=44.34%
T3 22.800 357.95%0 0.0 24.1 =3.309 Q.241
15,2 =0.611 1.119
0,0827 045752-0.2054 -11,.864 4.850 38.331 5524, [+ ¥ 48673 14430
T4 97.15Q 252,850 G.0 31%.2 -l.384 Q.2561
1645 2.028 —-0.241
=0,00088 0.9915-0.1298 =-T.460 ~0.510 35,881 S5460. =0.T73 45553, T.Q0
75 01,4530 34T7.700 G0 35.3 =1.91% 0.141
3641 0,669 0.05%
04,9509 0.2785 0.1351 25.877 T3.678 16,176 5514, 0+24 20985.-50a.T2
T4 105,700 342,700 0.0 17,37 =3,3703 =0.,074
35,1 Q356 d0.328
023712 0.9272-0.0440 =-2.717 21.855 33,366 5489, =—0.20 42594+ (0.023
77 110.000 33T.500 C.0 Ih.4 =2.809 0.170 ’ .
34, 2.T61 =0.527
-0.0345 0.9963 0.0785 445013 -1.98¢& 43,432 5484, =0.30 S56041s 31460
78 114,250 332,850 J.0 36.3 -1l.388 O0.614
24,2 0.893 1.102
=042203 0.,1729-0.5600 =T9.T788 -51.874 10.867 5524, [t X ] 13800.=6T,.59
79 11Ra6NQ0 2274450 0.0 4246 =3,855 0.059
34,2 -0.099 1.296
“0.4T06 0,8757 0.1CH4 7,057 =2B.255 14Z.615 5519, 0e23 183034,329,82_
80 122.900 322.400 0.0 42,2 =3,482 <-0.561 -
25,1 0.101 1.214
11.6B75=0,CO000%abdkex 0,000 *keeRkxkF -0,000 Ou 0.0 ExkkkEx 0.0
[ 5s] 172,500 322.400 0.0 42,2 =3.4B2 -0.561
85.1 0.101 l.214
ty5, SPEED AVGe ABS(SPEED ERRCR) AVERAGE YAW AVERAGE PITCH MEAN BALL POSITION - _
(RPHY (PERCENT} (DEGa ) {DEG.) LDEG.}
SEPARATIR £500. 48 0.9695
BaLL 42583,3% 29.0956 De322 -9,.323 Oa0
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APPENDTIX 3

Ball Map Printout for Test

Balls No. 2 and 3
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FHLRITT BN, WEASRAL( 2 ALt Mapr — Baw #2

* ., TATA SFT WHEIEAALL? AT LEVEL Q01 AS 0F 03720773 -
1 &0 2 é?,) TA@EST Fymr 122 00001
0.27303 <0 VA0 0.0356%0 1.1 00002
0475703 -1,76010 0.03%10 1.2 00003
0.771 05 =0.20250  0.17710 1.1 00004
N.25789 -J,70460 -0,064%0 z.1 n000s
N?TLRE  -0L26F26 =0.17300 2,2 00006
NLIF2T0 =0.32713  =0,01520 Za2 onoao?
N,78280  -0,33318  =0.07730 24 00008
9465173 =0.363%9 -0,12030 3.1 0000%
0.00FAC =-G,3206% =(.15400 1,2 G0010
-0.168F0 -0,77370 =0.1859Q 2,2 00011
-0.21490 -0,23915 =-C,15200 3.4 coolz
—0.07100  -6,.36775  -0,0702C 7.5 00013
=0.1%50C =0.3020& ~0,10P40 3.6 00014
Du17RE0 -0,267T4 =04194130 4,1 00015
Ne1£9CH -0.27710 ~0.25482 4,2 00016
D.13210 =5,28415 =C.20470Q 4,3 00017
0.0¢7V3 -G,25787 =0.21770 Gady 000148
0.0%C20 =0.779S0 ~C.29029 b oS 00019
=0.077EQ0 -0,23R50 =C.27871 5.1 £0020
-0.11200 -0,25150 -0.25422 5.2 00021
=0,0460C -0.228100 =-0.24402 5.2 voo22
~0.01980 =0.3C451 =0,21740 Sed 00023
0.7€592% -0.18620 -0.,C%510 el 00024
0.25F22 -(,(7240 =-0.CS570 b2 00025
0.234£6 =0Q,19320 -0,17830 643 00026
0433025 =0.{7780 =-0,15650 6ets 00027
0.25TR7 -0.20150 -0.16210 545 00028
0,20722 -0.08A20 =0.20310 66 00029
0.08780 -~0,%6572  0.N0220 7.1 00030
0.04040 -0,269£9  0.,0175C 7a2 00031
0.C7700 -~D,36212  0.(£5330 7.3 00032
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